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“Lack of activity destroys the good condition of every human being while 
movement and methodical physical exercise save it and preserve it” 
                        Plato 
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Summary 
The aim of this thesis was to assess the effects of physical activity and sedentary 
behavior on cardio-metabolic health. The health benefits of physical activity are 
well-established. However, sedentary behavior is recently re-emerging as an 
independent risk factor. The association between sedentary occupation and health 
risk was first reported in 1950s. However, at that time, being sedentary was 
defined as lack of exercise and research studies had been focused on physical 
activity. It was first reported in 1960s that leisure time moderate to vigorous 
intensity physical activity was found to be cardio-protective and then health 
promotion programs aimed to increase leisure time exercise. Overtime, there has 
been increased recognition that light physical activity as well as physical activities 
related to other domains such as transportation and work in the household may 
also be beneficial and that activities that are  sedentary, which involved prolonged 
periods of sitting, are harmful independent of physical activity. 
In our studies, Singapore prospective study (SP2) and the follow-up of SP2, we 
assessed physical activity using a questionnaire which covered 4 domains of 
physical activity namely transportation, occupation, leisure time and household. 
We validated the SP2 physical activity questionnaire (SP2PAQ) using an 
objective measure of physical activity, an accelerometer, in the Singapore 
population. It was shown that SP2PAQ has a reasonable validity and reliability. 
For this study, my role was to compile study questionnaires, draft the consent 
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forms and advertisements, recruit and interview participants, process data from 
accelerometers, analyze the data and write-up the findings. 
We next examined the association of physical activity and sedentary behavior 
with cardio-metabolic markers in 3305 Singaporean adults of Chinese, Malay and 
Indian ethnicity who did not have pre-existing diseases and conditions that could 
affect their physical activity. We found that longer television (TV) viewing time, 
but not time spent on reading and computer use , leisure time sitting or 
occupational sitting, was significantly associated with higher level of triglycerides 
and HOMA-IR (Homeostatic model assessment of insulin resistance) after 
adjusting for potential confounders and mediators. For this study, I converted all 
the raw data of physical activity into energy expenditure/ physical activity level to 
be able to analyze and compare with other studies.  I also did statistical analysis of 
the data including path analysis and write-up the findings. In a subsequent study, 
we assessed the association of physical activity and sedentary behavior time with 
calcified subclinical atherosclerosis in the coronary arteries in 398 Chinese older 
adults. In this study, only TV viewing time was associated with higher risk of 
subclinical atherosclerosis in men.  For this study, my role was to train the 
independent readers on measuring subcutaneous and visceral adipose tissue from 
abdominal CT scans and also the quality control of the measurements. I also did 
statistical analysis of the data and write-up the findings. 
Given the findings that only TV viewing time, but not other sedentary behavior 
such as leisure time sitting and occupational sitting had detrimental effects on 
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health, we hypothesized that the adverse health consequences of TV viewing may 
not result from being sedentary per se, but that TV viewing may be a construct 
that is associated with other behavioral risk factors such as diet, snacking and lack 
of sleep, and thus differ from other sedentary behaviors. To test this, we examined 
the association of different types of sedentary behavior with diet, snacking, and 
sleep in Singapore working adults. It was found that TV viewing time and 
occupational sitting time were associated with BMI (body mass index), 
independent of eating behavior, sleep duration or psychological well-being. For 
this study, my role was to compile and adapt study questionnaires (including 
dietary questionnaire which local snacks/foods were incorporated), develop 
accelerometer measurement protocol and process the accelerometer data. I also 
did statistical analysis of the data and write-up the findings. 
Our studies highlight the unfavorable effects of TV viewing time on cardio-
metabolic risk factors and subclinical atherosclerosis.  Even though some of the 
effects were mediated through diet and BMI, there were still some effects that 
could not be explained by known pathways. Further research is needed to 
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Non-communicable diseases (NCDs), mainly cardiovascular diseases, diabetes, 
cancers, and chronic respiratory diseases, are the leading causes of death globally, 
accounting for two thirds of 57 million deaths that occurred worldwide in 2008 
(1). The prevalence of NCDs is rising rapidly and NCD deaths are projected to 
increase by 15% globally between 2010 and 2020 (1). NCDs do not only effect on 
health but also on the development and economic growth of the nations (2). It is 
estimated that NCDs will cost more than US$ 30 trillion over the next 20 years 
(2).  
The public health and economic burden of NCDs can be reduced by primary 
prevention. Physical inactivity is one of the major modifiable risk factors for 
NCDs and causes 6% (ranging from 3·2% in Southeast Asia to 7·8% in the 
eastern Mediterranean region) of the burden of disease from coronary heart 
disease (3, 4). However, in Singapore, within a six year period (2004-2010), the 
prevalence of diabetes and obesity increased from 8.2% to 11.3% and 6.9% to 
10.8% respectively (5-7) even though the percentage meeting recommended 
physical activity guidelines among Singaporean also increased from 17.0% to 
19.0% in the same period (8).  
Recently it was reported that sedentary behavior may also be an independent risk 
factor for cardiovascular diseases, diabetes, cancers and all-cause mortality (9-
11).  One possibility is that, despite the increase in physical activity, a greater 
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proportion of Singapore residents may be engaging in more sedentary occupations 
which counters the increase in physical activity (8). A recent finding from 
Singapore 2010 National Health Survey showed  that the average sitting time in 
the whole population was 5 hours per day and one third of Singapore population 
were sitting for at least 8 hours or longer per day (12).   
Hence, in this thesis, I will explore the associations of physical activity and 
sedentary behavior with cardiovascular health. I chose cardiovascular diseases 
because they are major contributors to disease burden and health care costs and it 
is important to understand the risk factors associated with these diseases to plan 
effective prevention program.  I hope that this thesis will contribute to the current 
knowledge of physical activity and sedentary behavior and subsequently help in 
formulating successful prevention programs and policies for prevention of NCDs. 
1.2 Definition 
 
1.2.1 Physical activity 
Physical activity (PA) is defined as any bodily movement produced by skeletal 
muscles that require energy expenditure (13). It comprises of exercise and non-
exercise activities. Exercise is a subset of physical activity that involves planned, 
structured and repetitive body movements done to improve or maintain one or 
more components of physical fitness and is usually associated with sport or 
conditioning activities (13, 14). Unstructured daily activities such as household 
activity are considered as non-exercise activities.  
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Physical activity can be expressed as energy expenditure (EE) in Kcal, duration in 
hours or minutes, frequency per week or month, intensity in METs (metabolic 
equivalent task), or total volume i.e. taking into account of total duration, 
frequency and intensity (MET-minute or MET-hour per day or week).  
One MET is defined as the energy expenditure for sitting quietly, which for the 
average adult is approximately 3.5 ml of oxygen x kg bodyweight-1 x min-1 or 1 
kcal x kg body weight-1  × h-1 (15). 
The intensity of physical activity is mostly classified into 3 levels; light, moderate 
and vigorous intensity. Activities between 1.6–2.9 METs are classified as light-
intensity; those between 3–5.9 METs are classified as moderate-intensity and 
those ≥6 METs are classified as vigorous-intensity (16).  
Physical activity can also be categorized by domains such as leisure time, 
occupation, transportation and household.  
1.2.2 Sedentary behavior 
Sedentary behavior refers to activities that do not increase energy expenditure 
substantially above the resting level (1.0-1.5 METs) such as  sitting, watching 
television and videos, reading and listening to music (17). Sedentary behavior is 
mostly expressed based on duration in minutes or hours per day or week. 
1.3 Current Evidence 
 
The association of physical activity, sedentary behavior and CVDs was reported 
in the 1950s. Morris et al observed that sedentary bus drivers had a higher rate of 
CVDs mortality, higher levels of blood pressure  and blood lipids than bus 
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conductors who were more active and concluded that physically active work has 
cardio-protective effects (18-20).This finding was supported by other studies 
which were done in parallel (21, 22). In the early 1960s, Morris et al also reported 
that higher levels of vigorous leisure time physical activity was also associated 
with reduced fatal and non-fatal CVDs in the 3-year and 8.5-year follow-up study 
(23, 24). However, they did not find any beneficial effect of light activity (24). 
Later in the 1970s, Paffenbarger el al reported dose-response relationship between 
physical activity and CVDs mortality in the College Alumini Health Study (25). 
In the recent meta-analysis of prospective cohort studies including 26 studies, it 
was found that moderate and high leisure time physical activity (LTPA), as 
compared to low LTPA, were associated with 12% and 27% reduction of CVDs 
mortality (26). In addition, in the Third National Health and Nutrition 
Examination Survey (NHANES III), participants with only light intensity activity 
had reduced risk of CVDs mortality compared to inactive participants (hazard 
ratio 0.72, 95% confidence interval (CI) 0.62–0.84)  (27).  
Even though Morris et al reported the harmful effect of being sedentary in 
the1950s, at that time it was concluded that it was due to reduced or lack of 
physical activity and hence research were focused on physical activity. However, 
recently Owen et al postulated that sedentary behavior is different from lack of 
exercise and its unfavorable effect on health is independent of its association with 
physical activity (28, 29). The detrimental effect of sedentary behavior may be 
due to lowering of lipoprotein lipase (LPL) activity, which is linked to altered 
lipid metabolism and CVDs. It has been shown that the loss of local contractile 
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stimulation induced through sitting leads to the suppression of skeletal muscle 
LPL activity which is necessary for triglyceride uptake and high-density 
lipoprotein cholesterol (HDL-c) production (30, 31). Hamilton et al reported LPL 
activity started to decrease after 4 hours of inactivity and effects were apparently 
complete within 18 hours in rats (30, 31).  
In addition to LPL activity, studies also reported that sedentary behavior affects 
carbohydrate metabolism through changes in muscle glucose transporter (GLUT) 
protein content, which results in decreasing basal (GLUT-1) and insulin (GLUT-
4) stimulated glucose uptake (32, 33). 
The independent effect of physical activity and sedentary behavior may be due to 
their different influences on lipoprotein lipase (30, 31). The effects of inactivity 
on LPL suppression were greatest in most oxidative muscle regions whereas 
exercise increased LPL gene expression and LPL activity in the most glycolytic 
skeletal muscles and not in oxidative muscles (30, 31).  
Since then, studies have been reported the association of sedentary behavior with 
increased risk of cardiovascular diseases, diabetes, cancers and all-cause mortality 
independent of physical activity (9-11). In the Canadian Fitness Study which 
followed >1700 participants for 12 years reported that there was graded 
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1.3.1 Physical activity and cardio-metabolic biomarkers 
Physical activity and blood pressure 
Physical activity is associated with reduced risk of incidence of hypertension (35). 
In the 15 years of follow-up in the Coronary Artery Risk Development in Young 
Adults study, the participants who were more active had 17% reduced risk for 
incident hypertension compared to those who were less active (36). A meta-
analysis which included 44 randomized controlled trials found that moderate 
intensity exercise three to five times per week for 30-60 min per session resulted 
in the reduction of systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) by  3mmHg and  2 mmHg in normotensive subjects and 7mmHg and 6 
mmHg in hypertensive subjects (37). In a more recent study of 1,036 healthy non-
smokers, who were free of cardiovascular disease and medication, from the 
Anglo-Cardiff Collaborative Trial population, investigators also reported that 
regular physical activity was associated with both lower SBP and DBP in older 
people and DBP in younger people (38).   In addition, in the Lipid Research 
Clinics Prevalence Study, leisure time physical activity, even at light intensity, 
was also found to be associated with lower blood pressure among the older 
women participants (39). There was also a dose-response relationship between the 
intensity level and blood pressure and the highest activity group experienced 20 
mm Hg lower SBP than the lowest activity group (39).  
Physical activity, lipids and glucose homeostasis 
It was reported that physical activity was associated with favorable profile of 
atherosclerotic risk factors including lower SBP and DBP (37), triglycerides (40-
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44) and higher HDL-c (45). The association with total cholesterol and low density 
lipoprotein cholesterol (LDL-C) has been less consistent (40-44, 46).  A recent 
review of effects of physical activity on cardiovascular disease concluded that 
exercise is not associated with total cholesterol and LDL-c independent of weight 
loss (47). However, the authors reported that regular physical activity might have 
effects on LDL-C particle size, even though the LDL-C concentration was 
constant. Two cross-sectional studies also reported that without changing the 
plasma LDL-C concentration, exercise reduced the concentration of small LDL-C 
particles and increased LDL-c particle size independent of intensity and weight 
loss (48, 49). Thus the authors concluded that the protective effect of physical 
activity on coronary artery disease (CAD) may be due to changing the LDL-C 
particle size rather than lowering the concentration of LDL-C particles (47). 
Several studies have also been shown that physical activity improved fasting 
glucose, glycaemic control and insulin sensitivity (50, 51). Among 1625 
participants of the Insulin Resistance Atherosclerosis Study, both vigorous and 
non-vigorous habitual physical activities were associated with increased insulin 
sensitivity (50). Similar findings were observed in the Screened Cohort study 
which showed that regular walking was associated with lower level of fasting 
insulin, Oral Glucose Tolerance Test (OGTT) glucose response and OGTT insulin 
response (52), the Australian Diabetes, Obesity, and Lifestyle (AusDiab) study 
which showed that light intensity activity was associated with lower level of 2-h 
plasma glucose (53), and the British Regional Heart Study (51) which showed 
that increased physical activity, even at lighter level of activity was associated 
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with reduced fasting insulin. Finally in the meta-analysis of controlled trials on 
the effects of exercise on glycemic control, glycated hemoglobin (HbA1c) was 
lower in the exercise groups compared with the control groups (7.65% vs 8.31%) 
(54).  
The association of adiponectin with CVDs was unclear. In a recent review, it was 
found that some studies reported inverse association of adiponectin with risk of 
coronary heart disease (CHD) while other studies reported that high adiponectin 
was directly associated with risk of mortality and severity of CAD (55). The 
association of physical activity with adiponectin was also unclear. Some studies 
found positive association between physical activity and adiponectin after 
adjusting for potential confounders including BMI (56, 57). However, in a 
longitudinal study done in children, objectively measured physical activity was 
inversely associated with adiponectin after adjusting for body fat (58). In a 
systemic review on the effect of exercise on adiponectin, it has been reported that 
the majority of randomized control trials (RCTs) did not observe association 
between exercise and adiponectin and there was modest evidence to support the 
positive effects of physical activity on adiponectin level (59). 
Physical activity and inflammatory markers 
Among the inflammatory makers associated with CVDs such as high-sensitivity 
C-reactive protein (hs-CRP), serum amyloid A (SAA), white blood cell (WBC) 
count and fibrinogen, hs-CRP was the most commonly measured inflammatory 
maker and also reported to be the strongest predictor for cardiovascular events 
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(60, 61). Physical activity was also found to be inversely associated with hs-CRP 
(62-64). Cross-sectional studies have been reported that  higher level of physical 
activity was associated with 7% to 56% lower hs-CRP level (64). In NHANES 
III, participants engaged in vigorous intensity activity (OR:0.53 ,0.40-0.71) had 
reduced risk of elevated hs-CRP compared to who did not have any leisure time 
activity(65). Summary of literature review for the association between physical 
activity and cardio-metabolic risk factors was presented in table 1.1.
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Table 1.1 Summary of literature review for the association between physical activity and cardio-metabolic risk 
factors  




Physical activity and blood pressure 
Parker et al36, 
2007 
Prospective study (the 




year of follow up/ 
Baseline in  1985–1986 
and  follow-up in 2, 5, 7, 
10, and 15 years later 
3993 Black and 
White men and 
women aged 18 to 30 
years from US 






Every 300 exercise unit 
increment of average 
physical activity was 
associated with reduced 
incident hypertension 
(Hazard ratio: 0.85, 
95%CI: 0.76-0.96) after 
adjusting for potential 
confounders and 
mediators. 
Average PA was 
calculated from data from 
4 or more exams and 
hence, it would reduce 
measurement errors.  
Clinical center, age, race 
and sex, education, family 
history of blood pressure, 
baseline fasting insulin 
and waist circumference 
were adjusted but not 
adjusted dietary intake 
which could confound the 
association. 





1,036 (<30 years vs 
>50 years) healthy 
non-smokers, men 
and women, from the 
Anglo-Cardiff 
Collaborative Trial 
population from UK 
 
E: PA from different 




O: Blood pressure 
Regular exercise lowered 
both SBP & DBP in older 
but only DBP in younger. 
Possible confounder such 
as dietary intake was not 
adjusted in this 
association. 
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women (50-89 years 
old) from US 




O: Blood pressure 
SBP was decreased with 
increased physical 
activity among the 
participants not using 
anti-hypertensive 
medication. 
Age, BMI, alcohol, 
estrogen, fasting insulin 
and 2-hr insulin were 
adjusted but not adjusted 
dietary intake which 




Physical activity, lipids and glucose homeostasis 
Monda et al40 , 
2009 
Prospective study (the 
Atherosclerosis Risk in 
Communities (ARIC) 
Study) with 9-year of 
follow up/ 
Baseline in 1987–1989 




American and white 
men and women, 
aged 45–64 years 
from US 
E: Physical activity 




O: HDL-C, LDL-C, 
total cholesterol 
(TC), and triglyceride 
(TG) levels 
Increase PA was 
associated with increased 
HDL-C in all participants, 
decreased TG in white 
participants, decreased 
LDL-C in all women and 
decreased TG in African 
American women 
Age, education, smoking 
status, ARIC field center, 
and visit were adjusted 
but not adjusted dietary 
intake and other health 
conditions such as CVDs 
which could confound the 
association. 
Raitakari et al41 , 
1994 
Prospective study (The 
Cardiovascular Risk in 
Young Finns Study) 
with 6-year of follow up/ 
Baseline in 1980 and 
follow-up in 1983 & 
1986 
961 men and women, 
aged 12-15years from 
Finland 
E: Leisure time 




Change in PA was 
associated with change in 
TG and insulin in boys. 
PA was assessed 3 times 
with 3 years apart. Hence 




thickness and dietary 
intake were accounted for 
in the association. 
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Thune et al44, 
1998 
Prospective study (The 
Tromsø Study) with 7- 
year of follow up/ 
Baseline in 1979-1980 
and follow-up in 1986-
1987 
5220 men and 5869 
women, aged 20 to 




E: Leisure time 
physical activity by 
questionnaire 
O:non-fasting serum 
lipids and BMI 
Participants engaged in 
hard/very hard exercise 
had lower level of total 
cholesterol (TC), TG, 
TC/HDL and BMI and 
higher level of HDL-C 
(only in men) compared 
to sedentary participants 
after adjusted for age at 
baseline, coffee 
consumption, current 
smoking habits, intake of 
table fat, menopausal 
status in women and time 
since last meal. 
Only leisure time activity 
was measured. Hence it 
may underestimate 
physical activities in other 
domains, especially in 
women and thus it may 
confound the 
associations. 
Twisk et al46, 1996 Prospective study (the 
Amsterdam Growth and 
Health Study) with 15- 
year of follow up/ 
Baseline in 1977  and  
follow-up annually up to 
1991  
181 participants 
(83males and 98 
females), aged 13 
years at baseline and 
27 years at follow-up, 
from Netherlands 
E: Physical activity 
from school, work, 




Daily physical activity 
was positively associated 
with the development of 
HDL-C but not with TC 
or TC/HDL-C after 
adjusting for lifestyle and 
biological parameters. 
A new analysis approach, 
which combined cross-
sectional and longitudinal 
relationship into one 
regression coefficient 
made it difficult to 
interpret the finding. 
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1) High amount of regular 
exercise , even without 
clinically significant 
weight loss ,can 
significantly improve the  
lipoprotein profile. 
2) Low amount-moderate 
intensity exercise reduced 
the size of LDL-C 
particles even though it 
did not lower the LDL-C 
concentration. 
3) Amount of exercise 
was more effective than 
intensity in lowering 
lipoprotein concentration. 
As the finding was based 
on sedentary participants, 
it may not be 
generalizable to the other 
population since it has 
been shown that the effect 
of physical activity was 
more pronounced in 
sedentary than non-
sedentary individuals. 
Halle et al49, 1997 Case control/not 
available 
20 physically fit, 
regularly  
exercising (>three 
times per week) 
hypercholesterolemic 
men and 20 sedentary 
hypercholesterolemic 
controls, in Germany 
E: Exercise measured 
by questionnaire and 
fitness test 
O: lipid and Apo 
lipoprotein 
concentration and 
composition of six 
LDL-C sub fractions. 
 
Physically fit participants 
had significantly lower 
TG, VLDL and higher 
HDL2, significantly less 
small, dense LDL-C and 
more large LDL-C and a 
higher free cholesterol 
content than sedentary 
controls. 
Even though all 
participants were 
instructed to have a low-
fat, low-cholesterol diet at 
least 2 weeks before 
blood was drawn for 
lipoprotein analysis, there 
can still be non-
compliance and thus it 
may confound the results. 
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1467 men and 
women of African 
American, Hispanic, 
and non-Hispanic 
white ethnicity, aged 
40 to 69 years, from 
US 
E: Physical activity 
(home, work, or 




O: Insulin sensitivity 
Increased participation in 
both vigorous and non-
vigorous activity was 
significantly associated 
with higher insulin 
sensitivity. 
Even though the 
hypertension was 
accounted for and there 
was no interaction 
between diabetes status 
and energy expenditure, 
there can still be other 
chronic conditions not 
accounted for, such as 
CVDs, which could 
influence on both the 




Prospective study (the 
British regional heart 
study) with 16.8-year of 
follow up/ baseline in 
1978-1980 with follow-
up to 1995 
7735 men, aged 40-
59 years from UK 




O: Incidence of CHD 
and type II diabetes 
There was inverse 
relationship between PA 
(moderate intensity and 
above) and incidence of 
CHD. There was dose-
response inverse 
association between level 
of PA and type II 
diabetes. 
This study had long-term 
follow-up which could 
establish causal 
relationship. In addition, 
wide range of potential 
confounders and 
mediators were accounted 
in the associations. 
Godsland et al52, 
1998 
Prospective study (the 
Heart Disease and 
Diabetes Risk Indicators 
in a Screened Cohort 
study) with 17-year of 
follow up, baseline in 
1977 with follow up to 
1988 
742 white males, 
aged 26.1–70.5 years 
from UK 
E: Physical activity 
(walking) 
O: Lipids, glucose, 
insulin 
Increased PA was 
associated with lower 
SBP, fasting insulin, 
OGTT glucose and 
insulin response. 
This study was based on 
occupational population. 
The participants were 
from company health 
program. Hence, their 
lifestyles may be different 
from general population 
which could confound the 
results. In addition, 
dietary intake was not 
accounted in this 
association. 
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Healy et al53, 2007 Cross sectional 
(Australian Diabetes, 
Obesity and Lifestyle 
Study)/ 2005 
67 men and 106 
women without 
diagnosed diabetes, 
aged 30-87 years, in 
Australia 
E: Physical activity 
((MVPA= ≥1,952 








O: fasting and 2-h 
post challenge 
plasma glucose 
Sedentary time was 
positively and light, 
moderate and vigorous 
PA were negatively 
associated with 2-h 
plasma glucose but not 
associated with fasting 
glucose. 
Accelerometer 
measurement reduced the 
measurement errors and 
recall bias related to self-
report. 
However, there can be 
misclassification of PA 
intensity as the same cut-
off point were used for all 
ages while studies had 
been suggested lower cut-
off points for older 
population. In addition, 
dietary intake was not 
accounted for the 
observed association. 
Physical activity and inflammatory markers 
Ford et al65, 2002 Cross-sectional /the 
National Health and 
Nutrition Examination 
Survey III (1988-1994) 
13,748 men and 
women, aged 20 
years and above, in 
US 





Light, moderate and 
vigorous PA were 
associated with reduced 
risk of elevated hs-CRP 
compared with sedentary, 
after adjusting for 
potential confounders and 
mediators. 
A wide range of 
confounders and 
mediators were accounted 
in the association. 
However, this cannot 
conclude causality due to 
cross-sectional design. 
Only leisure time PA was 
measured. Thus, it could 
be confounded by PA 
from other domains such 
as work and 
transportation. 
Page 30 of 233 
 




Yu et al56, 2009 Cross-sectional survey/ 
2005 
1458 men and 1831 
women in Beijing 
and Shanghai, China, 
aged 50 to 70 years  
 










adjustment, high levels 
of total PA, participation 
in moderate and vigorous 
activity were associated 
with lower levels of hs-
CRP, high levels of total 




activity was associated 
with lower levels of 
retinol-binding protein 4 
(RBP4) and higher levels 
of light-intensity activity 
and walking were 
associated with lower 
levels of tumor necrosis 
factor (TNF-α-R2) . 
Higher level of total PA, 
moderate and vigorous 
PA were associated with 
lower risk of metabolic 
syndrome. 
 
A wide range of 
confounders and 
mediators were accounted 
in the association. 
However, this cannot 
conclude causality due to 
cross-sectional design. 
In additional, self-
reported PA was prone to 
measurement errors. 
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Tsukinoki et al57, 
2005 
Cross-sectional/2003 202 Japanese male 
workers at a metal 
plant, mean age of 
42.0 ± 10.3 years, in 
Japan 
E: lifestyle factors 
including physical 





μg/ml = 1, ≥4.0 
μg/ml = 0) 
Exercise twice a week or 
more was associated with 
lower risk of 
hypoadiponectinemia 
after adjusted for age, 
BMI, hypertension, total 
cholesterol, HDL-c , 
hyperglycemia, platelet 
count, and the number of 
family history (diabetes 
mellitus, gout, stroke, 
hypertension, heart 
disease, or cancer). 
There was no significant 
association with walking. 
Only leisure time physical 
activity was assessed. 
Thus, it could confound 
the results. 
In addition, physical 
activity and dietary intake 
were self-reported which 
were prone to 
measurement errors. 
Metcalf et al58, 
2009 
Prospective study, 
followed up for 3 years/ 
baseline in 2000-2001 
170 boys and 137 
girls, recruited at age 
4.9 ± 0.3 years, from 
Plymouth schools in 
UK.  







leptin, hs-CRP, and 
insulin resistance  
After adjusting for sex, 
%body fat and diet, both 
total PA and moderate-
vigorous PA were 
inversely associated with 
adiponectin, especially 
among less active 
children. 
Physical activity 
measurement was more 
reliable as it was 
measured by 
accelerometer annually. 
The results may not be 
generalizable to adult 
population. 
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1.3.2 Sedentary behavior and cardio-metabolic biomarkers 
Sedentary behavior and blood pressure 
The association of sedentary behaviors and blood pressure are not conclusive.  In 
the cross-sectional analysis of National Health and Nutrition Examination Survey 
(NHANES) 2003–06, 1958 British birth cohort and Australian Diabetes, Obesity 
and Lifestyle Study (AusDiab),  no association was detected between objectively 
measured sedentary time, self-reported TV viewing and occupational sitting with 
systolic and diastolic blood pressure (66-68). In the 6-year follow up of ProActive 
study in UK, objectively measured sedentary time and self-reported TV viewing 
time were not associated with either SBP and DBP (69). However, in the 
European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk 
population-based study, TV viewing time was found to be associated with higher 
levels of both SBP and DBP (70). In the 5-years follow-up of AusDiab study, it 
was found that increases in TV viewing time over 5 year was associated with 
increases in DBP in women (71). However, in the Canadian Health Measures 
Survey, it was found that objectively measured total sedentary time and ≥20 
minute bouts prolonged sedentary behaviors were associated with lower diastolic 
blood pressure and no significant association was observed for SBP (72).  
Sedentary behavior, lipids and glucose homeostasis 
Several cross-sectional studies have been reported that sedentary behavior was 
associated with cardio-metabolic biomarkers- total cholesterol, HDL-C, LDL-C, 
glucose, insulin and triglyceride levels (70, 73, 74). The associations were more 
consistent for HDL-c and triglycerides and less consistent for glucose and HbA1c. 
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In the Health2006, a Danish population-based study, leisure time sitting was 
associated with increased total cholesterol, HDL-C, LDL-C, and insulin but not 
with glucose and HbA1c (75). Similar findings were observed in EPIC-Norfolk 
population-based study where TV viewing time was associated with all other 
biomarkers but not with HbA1c (70). However, in the AusDiab , TV viewing time 
was associated with 2-h plasma glucose in men and women, and with fasting 
plasma glucose in women (76).  
When sedentary time was assessed objectively, the association with biomarkers 
was less consistent. Some studies have been reported the association with cardio 
metabolic biomarkers, mostly HDL-C, LDL-C, total cholesterol, triglycerides and 
insulin independent of potential confounders and mediators including physical 
activity and adiposity (68, 72, 77, 78) while some did not find any association (79, 
80). 
Some studies have also been reported different findings for different types of 
sedentary behavior. In the 2003-2006 NHANES, TV viewing time but not 
computer time was associated with higher level of insulin after adjusting for 
potential confounders and mediators including physical activity and adiposity 
(81). 
Moreover, the findings from prospective studies were also not consistent. In the 
1958 British birth cohort study, sitting and TV viewing time was associated with 
HDL-C and triglycerides but not with LDL-C and total cholesterol in cross-
sectional analysis (82). However, in the prospective analysis, TV viewing time 
was associated only with HDL-C level in men after adjusting for all confounders.  
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The association seemed to be mediated through BMI. No association was 
observed in women and also with triglycerides level (82). In the ProActive UK 
trial, it was observed that self-reported TV viewing time was associated with 
fasting insulin and HOMA-IR at baseline but not at the 1-year follow up and 
objectively measured sedentary time was associated with triglycerides at follow-
up but not associated with both fasting insulin and HOMA-IR (69, 82).  
Findings from randomized trials showed that interrupting prolonged sitting 
regularly with light or moderate intensity activities led to lowered blood pressure, 
postprandial glucose and insulin concentrations (83-85). Animal studies found 
that LPL decreased during 12 hours of inactivity and was subsequently restored to 
normal within 4 hours of intermittent standing and slow walking (31). Similar 
findings were observed in the randomized trial of 70 normal weight healthy 
adults, where it was  shown that interrupting  sedentary time every 30 minutes 
with walking for 100 seconds was more effective in improving postprandial 
glycaemia and insulinemia than 30-minutes of continuous walking after 9-hour of 
sitting (85). This finding was supported by another randomized trial of ten non-
obese adults, which found that interrupting sitting time with walking but not 
standing was beneficial for postprandial glycaemia (86). 
In the Multi-Ethnic Study of Atherosclerosis, self-reported sedentary behavior 
was associated with higher levels of leptin but not with adiponectin after adjusting 
potential confounders and BMI (87). In the ADDITION-Leicester study in UK, 
increased self-reported sitting time was positively associated with fasting insulin, 
leptin, leptin/adiponectin ratio, hs-CRP, and Interleukin 6 (IL-6) in women, but 
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not in men and the observed associations in women disappeared after adjusting 
for BMI (74). There was no association with adiponectin in both men and women 
(74). 
Sedentary behavior and inflammatory markers 
There were few studies which assessed the association of sedentary behaviors 
with inflammatory markers. As mentioned in the previous section, self-reported 
sitting time was not associated with hs-CRP and IL-6 after adjustment for BMI 
(74). In the Canadian Health Measures Survey, objectively measured sedentary 
time was not associated with hs-CRP (72) but in 2003–2006 NHANES, 
objectively measured sedentary time was found to be associated with  plasma 
glucose and hs-CRP  among the older adults (88).  
Summary of literature review for the association between sedentary and cardio-
metabolic risk factors was presented in table 1.2. 
Page 36 of 233 
 
Table 1.2 Summary of literature review for the association between sedentary behavior and cardio-metabolic 






Exposures (E) /outcomes (O) Results Strength/limitation 







171 men and 
women from 
ProActive 
study in UK , 
aged 30–50 
years, with a 
parental history 
of diabetes 
E: sedentary time (<100 
counts/min) and moderate to 
vigorous intensity physical 
activity (MVPA= ≥1,952 
counts/min) measured by 
Actigraph (models 7164 and 
GT1M) accelerometer, self-
reported TV viewing time 
O: waist circumference (WC), 
SBP, DBP, HDL-c, fasting 
glucose and insulin, 
triacylglycerol and clustered 
metabolic risk score based on 
the aforementioned risk factors 
Sedentary time was 
independently associated 
with increasing clustered 
cardio-metabolic risk and 
triacylglycerol. 
MVPA was only associated 
with reduced WC. 
TV viewing time was not 
associated with any of these 
risk factors after adjusting 
baseline and change in 
MVPA/sedentary time. 
Objective measurement reduced 
the measurement errors and 
recall bias. 
However, dietary intake was not 
accounted in the association 
which could confound the results. 
The sample size was small and 
thus might not have enough 






















E: TV viewing and PA assessed 
by questionnaire 
O: WC,SBP, DBP, HDL-C, 
fasting glucose and TG  and 
clustered metabolic risk score 
based on the aforementioned 
risk factors 
Baseline TV viewing time 
was not associated with 
change in biomarkers. 
Change in TV viewing over 
5 years was associated with 
increased clustered 
metabolic risk, WC and 
DBP in women. In men, it 
was only associated with 
WC. 
The association was accounted 
for a wide range of confounders 
and mediators including diet 
quality. 
TV viewing time was self-
reported. Hence there can be 
measurement errors.  







Exposures (E) /outcomes (O) Results Strength/limitation 














age 53.4 years, 
in Australia 
E: Physical activity (MVPA= 
≥1,952 counts/min , light =100-
1,951 counts/min) and sedentary 
(<100 counts/min)  measured by 
ActiGraph (model 7164) 
accelerometer 
O: Waist circumference (WC), 
TG, HDL-C, SBP, DBP, 
glucose and clustered metabolic 
risk score based on the 
aforementioned risk factors 
Sedentary time was only 
associated with waist 
circumference and clustered 
metabolic risk independent 
of physical activity and other 
potential confounders. 
Moderate-vigorous PA was 
only associated with TG 
independent of sedentary 
and other potential 
confounders. 
Physical activity measurement 
was more reliable with 
accelerometer. 
The sample size may be too 
small to detect significant 
association between sedentary, 
physical activity and risk factors. 









cohort in UK, 
aged 44-45 
years old 
E: TV viewing and work sitting 
assessed by Epic-Norfolk PA 
questionnaire 
O: total cholesterol, HDL-C, 
LDL-C, TG, BP, HbA1C, 
fibrinogen, hs-CRP, 
hypertension and metabolic 
syndrome 
TV viewing time was 
independently associated 
with higher level of total 
cholesterol, TG, LDL-C, 
fibrinogen and hs-CRP in 
women and higher level of 
TG and lower level of HDL-
C in men. 
Work sitting was only 
associated with higher level 
of TG in men. 
Physical activity questionnaire 
did not capture household 
activities which can 
underestimate PA especially in 
women. 
Although dietary intake was 
adjusted, only the snacks and 
fruits intake were captured. 
Hence, there can be confounding 
from meals intake. 
















E: sedentary time (<100 
counts/min) and break in 
sedentary time measured by 
ActiGraph (model 7164)  
accelerometer 
O: WC,SBP, DBP, HDL-C, hs-
CRP, TG, fasting glucose and 2-
hr glucose, insulin, HOMA-%B, 
and HOMA-%S 
Sedentary time was 
detrimentally associated 
with WC, HD-CL, hs-CRP, 
TG, insulin, HOMA-%B, 
and HOMA-%S and 
sedentary break was 
beneficially associated with 
WC and hs-CRP, 
independently of all 
potential confounders 
including PA. 
Objective measurement reduced 
the measurement errors and 
recall bias. The association was 
able to account a wide range of 
potential confounders and 
mediators including dietary 
intake. The casual relationship 
cannot be established due to 
cross-sectional design. 







Exposures (E) /outcomes (O) Results Strength/limitation 





15 515 men 
and women 
aged between 
45 and 74 year, 
from  EPIC-
Norfolk cohort 
study in UK 
E: TV viewing and vigorous 
activity assessed by 
questionnaire 
O: SBP, DBP, total cholesterol, 
HDL-C, LDL-C, TG, HbA1c 
TV viewing time was 
associated with all the 
markers after adjusting for 
age, alcohol intake, 
smoking, and participation 
in vigorous activity, use of 
antihypertensive therapy, 







TV viewing time and PA were 
self-reported. Hence, these are 
prone to measurement errors. 
Dietary intake was not accounted 
in the observed association. 
Hence the results might be 
confounded. 







4935 males and 
females, aged 
20–79 years, 







E: Sedentary time (<100 
counts/min) and MVPA 
(>=1535 counts/min) measured 
by Actical accelerometer 
O: WC, SBP, DBP, HDL-C, 
LDL-C, TG, fasting glucose and 
insulin, hs-CRP 
Total sedentary time and 
time in ≥20 minute 
prolonged sedentary bouts 
were negatively associated 
with DBP and positively 
associated with insulin. 
Sedentary break was 
negatively associated with 
WC, SBP, TG, Glucose and 
insulin and positively 
associated with HDL-c. 
MVPA was negatively 
associated with WC, hs-
CRP, TG, Glucose, LDL-C 
and insulin and positively 





Objective measurement reduced 
the measurement errors and 
recall bias. 
Potential confounders such as 
diet, medication for lipids and 
diabetes were not accounted in 
the association. Hence, the 
results could either be 
underestimated or overestimated. 







Exposures (E) /outcomes (O) Results Strength/limitation 
Sedentary behaviors, lipids and glucose homeostasis 




at 7, 11, 16, 
23,33, 42 
and 44–45 y 
7824 male and 
female 
participants 
from the 1958 
British birth 
cohort in UK, 
aged 45 year 
E; PA and TV viewing time by 
questionnaire 
O: Non-fasting TC, HDL-C, 
LDL-C, TG 
Leisure time MVPA and TV 
viewing at 45 year was 
cross-sectionally associated 
with higher level of TC and 
LDL-C in women. PA at 33 
year but not at 45 year was 
associated with reduced TG 
at 45 year. MVPA from 
work was cross-sectionally 
associated with higher HDL-
C and lower TG in men. 
Sitting time and TV viewing 
time were associated with 
reduced HDL-C and higher 
TG cross-sectionally in men. 
Repeated measurement of PA 
provided more reliable data. 
However, physical activities 
from only leisure and work were 
captured. 
Even though, dietary intake was 
adjusted, only consumption of 
salads, chips and oily fish were 
recorded.  
Hence, the results could be 
confounded by PA from other 
domains and other dietary 
factors. 









(81 men and 
111 women) 
with a family 
history of type 
2 diabetes from 
ProActive trial 
in UK. 
E: Sedentary (< 100 cpm) and 
PA (light= 101–1,951 
counts/min, moderate =1,952–
5,724 counts/min and vigorous= 
>5,725 counts/min) measured 
by Actigraph (model 7164) 
accelerometer. 
TV/video time by questionnaire 
O: Fasting insulin and HOMA-
IR 
MVPA was independently 
associated with fasting 
insulin and HOMA-IR at 
baseline and with fasting 
insulin at follow-up. 
TV/video time was only 
associated with HOMA-IR 
and insulin at baseline but 
not at the follow-up. 
 
Dietary intake was not account in 
the observed association which 
could confound the results. 
The sample size was small. 
Hence, may not have enough 
statistical power to detect 
significant association. 







Exposures (E) /outcomes (O) Results Strength/limitation 







aged >= 20 






E:Total sitting time, TV viewing 
time and leisure-time computer 
use assessed by questionnaire 
O:  BMI, WC,SBP, DBP, TC, 
HDL-C,non-fasting glucose, 
gamma glutamyltransferase and 
TG   
Among the healthy 
participants, total sitting 
time >10hour/day was 
significantly associated with 
all the biomarkers .TV 
viewing time>=4 hour/day 
was significantly associated 
with all the biomarkers 
except DBP and leisure time 
computer use >=1hour/day 
was significantly associated 
with all biomarkers except 
TC. 
Physical activity from 
transportation and household was 
not captured. In addition, the 
question was based on meeting 
PA guideline. Only vegetable and 
fruit intake were recorded. Hence 
the results might be confounded 
by unmeasured risk factors. 





505 men and 
women from a 
diabetes 
screening 
program in UK 
E: Sitting time on weekday 
measured by IPAQ 
O: fasting and 2-hour 
postchallenge glucose, fasting 
insulin,hs-CRP, leptin, 
adiponectin, and interleukin-6 
(IL-6) 
Sitting time was associated 
with insulin, leptin, IL-6 and 
leptin/adiponectin ratio. 
However, these associations 
disappeared after adjusting 
for BMI. 
No association with glucose 
was observed. 
Dietary intake was not account in 
the observed association. In 
addition, light activity was also 
not accounted. It has been 
reported that light activity also 
has beneficial effect.  
Only total sitting time was 
captured. Hence, it is not able to 
differentiate the specific domain 
effects especially for TV 
viewing, which has been found to 
be different from other types of 
sitting and more detrimental for 
health. 







Exposures (E) /outcomes (O) Results Strength/limitation 





1174 men and 
1370 women, 
working adults 





based study in 
Denmark 
E: Sitting at work and during 
leisure time assessed by 
questionnaire 
O: WC, BMI, %body fat, TC, 
HDL-C, LDL-C, TG, insulin, 
HbA1c and plasma glucose 
Leisure-time sitting was 
significantly associated with 
all cardio-metabolic risk 
factors except HbA1c and 
plasma glucose. 
Occupational sitting was 
only associated with low 
HDL-C, higher TG and 
insulin.  
A wide range of confounding 
factors including dietary habits 
was adjusted in the association. 
However, light activity was also 
not accounted. It has been 
reported that light activity also 
has beneficial effect. 
















E: TV viewing time assessed by 
questionnaire 
O: WC, SBP, DBP, HDL-C, 
TG, fasting plasma glucose and 
2-hr glucose 
TV viewing time was 
significantly associated with 
all markers except SBP & 
DBP in women. In men, it 
was only associated with 
WC. 
A wide range of confounding 
factors including dietary habits 
was adjusted in the association. 
However, only leisure time PA 
was adjusted. Hence, PA from 
other domains could confound 
the results. 







Exposures (E) /outcomes (O) Results Strength/limitation 



















Diabetes  (age 
63.7±7.8 years) 
in UK 
E: sedentary (<25 
counts/second) and PA (light = 
25-<489 counts/second, 
MVPA>=488 counts/second) 
measured by ActiGraph GT3X 
accelerometer 
O: WC, BMI, HDL, fasting 
glucose and 2-hr glucose, 
triacylglycerol, TC/HDL-C, 
HDL-C, HbA1c 
Sedentary time was 
independently associated 
with 2-hr glucose, 
triacylglycerol and HDL-C 
after adjusting all 
confounders and mediators 
including BMI. 
PA and sedentary measurements 
were more reliable with 
accelerometer. However, dietary 
intake was not accounted in the 
association. 
In addition, the participants were 
recruited based on having high 
risk of types 2 diabetes. The 
cross-sectional nature of the 
study cannot exclude the 
possibility of reverse causation. 



















Plus trial in UK 
E: Sedentary time and PA 
measured by Actiheart ( a 
combination of heart rate and 
motion sensor) 
O: WC, fasting triacylglycerol, 
HbA1c, SBP, HDL-C and 
clustered metabolic syndrome 
risk (MS) score based on 
aforementioned risk factors. 
Sedentary time was 
associated with WC, 
triacylglycerol, HDL-C and 
MS score after adjusting for 
all confounders including 
dietary intake. Moderate to 
vigorous activity was only 
associated with reduced 
SBP. 
A wide range of confounding 
factors including dietary habits 
was adjusted in the association. 
However, association of 
sedentary time with risk factors 
was not adjusted for light 
activity, which could confound 
the results. 







Exposures (E) /outcomes (O) Results Strength/limitation 





4280 men and 
women, ages 








study in US 
E: TV viewing time assessed by 
questionnaire 
O: BMI, hostility and 
depression, SBP, DBP, TC, 
HDL-C, LDL-C 
TV viewing time was 
associated with BMI, 
hostility and depression but 
not with SBP, DBP, TC, 
HDL-C and LDL-C. 
Association of TV viewing time 
with risk factors was not adjusted 
for light activity and dietary 
intake, which could confound the 
results. 





2800 male and 
female 
participants, 
aged >= 20 
years, from 
NHANES 
study in US 
E: TV and computer time, PA 
assessed by questionnaire 
O: Fasting insulin and glucose 
TV viewing time was 
positively and leisure time 
PA was negatively 
associated with fasting 
insulin after adjusting for all 
confounders including WC 
and BMI. 
TV viewing time was 
associated with fasting 
glucose but the association 
was disappeared after 
adjusting for WC and BMI. 
A wide range of confounders and 
mediators were adjusted. 
However, even though it was 
reported that TV viewing time 
was directly associated with 
sugar intake and inversely with 
fibre intake, these were not 
accounted in the association of 
TV viewing time and insulin. 











45-65 years in 
Australia 
Intervention: 3 treatments, : 1) 
uninterrupted sitting; 2) sitting 
with 2 min bouts of light-
intensity walking on a 
motorized treadmill  and 3) 
sitting with 2 min bouts of 
moderate-intensity walking on a 
motorized treadmill  
O: SBP, DBP 
Interrupting sitting time with 
either light or moderate 
intensity walking 
significantly lowered SBP 
by 2-3 mmHg and DBP by 2 
mmHg compared to 
uninterrupted sitting. 
Even though SBP and DBP 
reduced, the effect size was small 
and might not be clinically 
significant even though it was 
statistically significant.  
The study was based on obese 
participants. Hence, the results 
may not be generalizable to other 
population. 







Exposures (E) /outcomes (O) Results Strength/limitation 













Intervention: 3 treatments, : 1) 
uninterrupted sitting; 2) sitting 
with 2 min bouts of light-
intensity walking on a 
motorized treadmill  and 3) 
sitting with 2 min bouts of 
moderate-intensity walking on a 
motorized treadmill 
O: Postprandial glucose, insulin 
and TG 
 
Interrupting sitting time with 
short bouts of light- or 
moderate-intensity walking 
lowers postprandial glucose 
and insulin levels.  
The study was based on obese 
participants. Hence, the results 
may not be generalizable to other 
population. 
 











years, in New 
Zealand 
Three 9-h interventions: 1) 
prolonged sitting; 2) physical 
activity, in which prolonged 
sitting was interrupted by a 
single continuous bout of 
physical activity; and 3) regular 
activity breaks in which sitting 
was interrupted by 18 short 
bouts of activity 
O: Postprandial glucose and 
insulin 
 
Regular break (1 min 40 s of 
brisk walking for every 30 
min sitting) was more 
effective in reducing 
postprandial glucose and 
insulin than single 30-
minute bout of PA after 
prolong sitting. 
There was no significant 
reduction for TG. 
Since the study was based on 
one-day sitting, the results may 
not be extendable to the effect of 
long-term prolong sitting with 
breaks in daily life. 
 
As the sample size was small, it 
may not have enough power to 
detect significant association. 















adults in UK 
Interventions: (1) uninterrupted 
sitting; (2) seated with 2-min 
bouts of standing every 20 min; 
and (3) seated with 2-min bouts 
of light-intensity walking every 
20 min 
O: Plasma glucose, blood 
pressure, TG, HDL-C & LDL-C 
Interrupting sitting time with 
short bouts of light-intensity 
activity, but not standing, 
lowers postprandial 
glycemia. 
There was no difference in 
SBP, DBP, TG, HDL-C and 
LDL-C between the groups. 
Since the study was based on 
one-day sitting, the results may 
not be extendable to the effect of 
long-term prolong sitting with 
breaks in daily life. 
As the sample size was small, it 
may not have enough power to 
detect significant association. 







Exposures (E) /outcomes (O) Results Strength/limitation 
Sedentary behavior and inflammatory markers 









Ethnic Study of 
Atherosclerosis 
in US, aged 
45– 84 years  
E: Sedentary behavior assessed 
by questionnaire 
O: adiponectin, leptin, tumor 
necrosis factor–alpha (TNF-α) 
and resistin 
Sedentary behavior was 
significantly associated with 
higher level of leptin and 
TNF-α and lower level of 
adiponectin to leptin ratio. 
But no significant 
association with adiponectin 
and resistin. 
A wide range of confounders and 
mediators, including PA from all 
domains and BMI, was adjusted 
for the association. 
Self-reported sedentary and PA 







1914 male and 
female older 
adults age ≥ 65 
yr from the 
2003-2006 
NHANES 
study in US 
E: MVPA (>=760 counts/min) 
and sedentary (<100 
counts/min) measured by 
ActiGraph 7164 accelerometer 
O: weight, BMI, WC, SBP, 
DBP, TC, HDL-C, HbA1c, hs-
CRP, TG, LDL-C, plasma 
glucose 
Sedentary behavior was 
independently associated 
with weight, BMI, WC, hs-
CRP and plasma glucose. 
MVPA was independently 
associated with weight, 
BMI, WC, DBP, HDL-C 
and hs-CRP. 
A wide range of confounders was 
adjusted in the association. 
However, dietary intake and light 
physical activity were not 
accounted, which could confound 
the results. 
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1.3.3 Physical activity, sedentary behavior and coronary artery disease 
The protective effect of physical activity for cardiovascular diseases is well-
established. In the 12-years follow-up of the Swedish Annual Level-of-Living 
Survey, women and men who were physically active at least twice a week had a 
41% lower risk of developing CHD than those who reported no physical activity 
(89). In a recent meta-analysis which included 33 cohort studies since1995, it was 
found that individuals who participated in moderate intensity physical activity for 
at least 150 minutes/week had 14% lower risk of CHD and those who performed 
300 minutes/week had 20% lower risk compared to those who reported no leisure 
time physical activity (90). 
The association of sedentary behavior with coronary heart disease is also quite 
consistent. In the EPIC Norfolk Study every one hour/day increase in TV viewing 
was associated with 8% increased hazard for CHD during average 6.9 years of 
follow up (91).  Similarly, in a median follow-up of 12.2 years of the prospective 
Women’s Health Initiative Observational Study, it was observed that women who 
reported sitting ≥10hours/day had 13% higher risk of CHD compared to the 
women who sat ≤ 5hours/day (92). However, during a mean follow-up period of 
5.4 years of Danish Health Examination Survey (DANHES), sitting ≥10hours/day 
was only associated with increased risk of myocardial infarct (HR: 1.38, 95% CI: 
1.01, 1.88) but not with CHD (HR: 1.07, 95% CI: 0.91, 1.27) compared to sitting 
<6 hours /day (93). 
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Summary of literature review for the association between physical activity, 
sedentary behavior and coronary artery disease was presented in table 1.3. 
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Table 1.3 Summary of literature review for the association between physical activity, sedentary behavior and 
coronary artery disease 
Study Design/Year of 
study 




Physical activity and coronary heart disease 
Sundquist et al89 Prospective study 
with 12-year followed 
up  
2,551 women and 
2,645 men, aged 





E: leisure time PA 
assessed by questionnaire 
O: incidence CHD 
identified by the Swedish 
National 
Hospital Discharge 
Register and the Cause-of-
Death 
Register 
Women and men who 
were physically active at 
least twice a week had a 
41% lower risk of 
developing CHD than 
those who performed no 
physical activity (hazard 
ratio = 0.59, CI = 0.37–
0.95), after adjustment for 
all confounders. 
Although several socio-
economic and lifestyle 
factors were adjusted, PA 
from other domains were 
not accounted in the 
observed association. In 
addition, there was no data 
on hypertension, diabetes 
and lipid levels which 
might influence the 
association. 
Sedentary Behavior and coronary heart disease 






followed up in 1998-
2000  
12,608 men and 
women in UK, 
aged 45-79 years 
E: TV viewing time 
assessed by questionnaire 
O: Total, non-fatal CVD 
and fatal or non-fatal 
CHD identified by 
hospital admission data 
base and death certificates 
Every one hour/day 
increase in television 
viewing was associated 
with an increased hazard 
for total (hazard ratio = 
1.06, 95%CI = 1.03–1.08; 
2,620 cases), non-fatal 
CVDs (hazard ratio = 
1.06, 95%CI = 1.03–1.09; 
2,134 cases), and coronary 
heart disease (hazard ratio 
= 1.08, 95%CI = 1.03–
1.13; 940 cases) 
A wide range of 
confounders and 
mediators, including 
physical activity from four 
domains, sleep and dietary 
intake was adjusted. 
The study was based on 
middle aged white adults. 
Hence, it may not be 
generalizable to other 
population with different 
lifestyles. 
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Study Design/Year of 
study 







baseline at 1994-1998 
with average follow-






Study in US 
E: sedentary behavior 
(sitting/day), leisure 
physical activity assessed 
by questionnaire 
O: coronary heart disease 
or stroke identified by 
questionnaire and medical 
records 
Sitting 10 hour/day 
compared with 5 h/day 
and low PA compared 
with high PA were 
associated with increased 
CHD, stroke and total 
CVD after adjusting for all 
confounders and 
mediators. 
A wide range of 
confounders and 
mediators, including 
physical activity, dietary 
intake and sleep were 
adjusted. 
Since the study was based 
on postmenopausal 
women, the findings may 
not be generalizable to 
other population with 
different lifestyles which 
associated with different 
risk factors. 
 




up of 5.4 years 
71,363 men and 
women, aged 18-





E: Total daily sitting time 
assessed by questionnaire 
O: myocardial infarction,  
coronary heart disease 
identified by Danish 
National Patient Register, 
and all-cause mortality 
identified by Danish Civil 
Registration system. 
Compared to sitting less 
than 6 hours/day, sitting 
for >=10 hours/day was 
associated with a 38% 
higher risk of MI and a 
31% higher risk of all-
cause mortality but not 
significantly reduced risk 
of CHD. 
The association was only 
adjusted for leisure time 
PA but not PA from other 
domains which could 
confound the results. In 
addition, only crude 
measurement of dietary 
intake (fish, fruit, 
vegetable, bread and 
grains) was adjusted. 
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1.4 Current gap in knowledge 
 
The current evidence shows that increased physical activity (particularly leisure 
time physical activity but also occupational physical activity) is associated with 
improved levels of cardiovascular risk factors and reduced risk of CVDs. In 
addition, sedentary behavior is different from lack of exercise and may have some 
actual direct physiologic effects (LPL activity) which is different from physical 
activity. Increased sedentary behavior is found to be associated with increased 
level of CVDs risk factors and increased risk of CVDs. 
However, there are some questions un-answered.  
1) Are all types of sedentary behavior or just a particular type of sedentary 
behavior such as TV viewing time is detrimental? It seems that the effect on 
CVDs and risk factors due to TV viewing time was stronger than sedentary time 
in other domains. However, there were few studies that assessed the association of 
sedentary behavior in different domains with risk factors simultaneously and thus 
it was difficult to compare the effect across the studies. 
2) If indeed, it is just TV viewing, then is it TV viewing per se, or is self- reported 
TV viewing, a epidemiologic construct that encompasses other lifestyle factors 
such as diet, snacking behavior and/or sleep? So far few studies have taken into 
account dietary intake and sleep when assessing the effect of TV viewing time on 
health.  
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3) Moreover, is the effect really independent of physical activity? The majority of 
previous studies that evaluated the independent effect of sedentary behavior 
adjusted only for leisure time physical activity, but did not consider non-leisure 
physical activity that could confound the findings (94-99). 
Thus to answer these questions, we measured the physical activity and sedentary 
behavior in different domains and assessed if the effect of physical activity and 
sedentary behavior on health are independent of each other as well as of other 
known risk factors including dietary intake and sleep.
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Since physical activity and sedentary behavior are related to several risk factors 
and health outcomes, it is important to understand the strengths and limitations of 
different methods of assessment for physical activity and sedentary behavior in 
order to properly evaluate their association with variables of interest. Hence, in 
this chapter, I have summarized the commonly used methods to measure them. 
2.2 Methods to assess physical activity and sedentary behavior 
2.2.1 Subjective measurement 
Physical activity and sedentary behavior can be assessed by behavior log, record, 
ecologic momentary assessment (EMA), short-term recall and single-
item/complex questionnaire (14, 100).  
Behavior logs or records require participants to record their activities during a 
defined period. Generally behavior logs provide a list of activities to choose from 
whereas the behavior records are based on the diary concept, which asks 
participants to keep a record of activities they have taken in regular intervals e.g. 
every 15 minutes. Ecologic Momentary Assessment (EMA) is an adapted version 
of behavior record and in additional to the activities taken, participants are 
required to note down “WHERE” (location) and with “WHO” when the activities 
have been undertaken (101, 102). Hence it can assess physiologic, psychological, 
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and contextual factors simultaneously (101, 102). The behavior log, record or 
EMA method can reduce recall bias. However, these may have effect on habitual 
activity (Hawthorne effect), be time consuming and have higher participants’ 
burden than the questionnaire. 
In contrast, recall method may not effect on the activity recorded as recall occurs 
after the activity has been performed. The time frame ranges mostly from 24-hour 
to a year. For short term recall such as past 24hour requires at least 2 
administrations; past day recall for weekday and weekend is needed to get a 
reliable assessment (103). However, this is prone to recall bias and needs skilled 
interviewers to cue the participants to be able to recall more accurately of their 
activities in the past period. 
The questionnaire for physical activity can be a single global question e.g. a 
comparative activity question which asked the participant to rate their level of 
activity compared to individuals of their age and sex or domain specific 
questionnaire such as leisure time questionnaire or complex questionnaire which 
records the detail of physical activity from all domains in frequency, duration and 
types of activities during a defined period (14).  
The questionnaire for sedentary behavior can also be a single-item measure which 
assesses total sitting time or composite measure asking about the sitting time for 
each type of sedentary behavior or activity-such as TV viewing time, computer 
use or screen time (100). The questionnaire method is most commonly used 
because of low cost and ease of administration though it is prone to reporting 
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errors. It has been reported that people tend to overestimate their physical activity 
and underestimate their sedentary behavior (104). 
International physical activity questionnaire (IPAQ) and Global physical activity 
questionnaire (GPAQ) were commonly used because these questionnaires were 
validated in most countries, covered different domains of physical activity as well 
as total sitting time and thus allowed comparison of results across the studies 
(105, 106). 
2.2.2 Objective measurements of energy expenditure 
The energy expenditure (EE) can be measured directly by direct calorimeter 
which measures the body heat during rest or activity (14). EE can also be 
measured indirectly by whole room calorimeter, metabolic carts and portable 
indirect calorimetry which measure oxygen consumption (VO2) or oxygen 
uptake, doubly labelled water and isotope labelled bicarbonate which measure the 
rate of metabolism (14). Direct calorimetry and whole room calorimeter are 
restricted to the chamber and hence are not able to measure free-living EE (14). 
Portable calorimeters can be used to measure some specific activities outside the 
chamber. Doubly labelled water and isotope labelled bicarbonate can measure 
free-living EE (14). However, they are costly and not able to provide the pattern 
of physical activities (14).  
2.2.3 Objective measurements of physical activity and sedentary behavior 
Direct observation, in person or by video recording, is considered to be an 
objective method to assess physical activity and sedentary behavior. It is often 
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used in studying children’s behavior in clinical practice. It is also a useful 
approach to assess individual’s behavior in a confined space e.g. classroom or 
office and in validating other instruments such as questionnaire or accelerometer 
(107, 108). There are also tools to guide  direct observation such as SOFIT 
(System for Observing Fitness Instruction Time) (109) and SOPLAY (System for 
Observing Play and Leisure Activity in Youth) (110). 
However, direct observation is time consuming, logistically challenging, and not 
feasible for assessing free-living activities in large scale epidemiological studies. 
In addition, it can only provide information on activities during the assessment 
period  and may be prone to the Hawthorne effect (14). 
Pedometers are small devices with a spring mechanism that register movements 
in the vertical direction and used to record the steps taken (111). These are small 
and convenient and useful in assessing most common activities such as walking or 
running (111). However, it cannot provide information on intensity of physical 
activity, and detect activities without vertical movement such as weight lifting, 
cycling (111). 
Accelerometers are small devices that use piezoelectric transducers and 
microprocessors to quantify the magnitude and direction of the acceleration (111). 
Uni-axial accelerometers are able to detect movement in vertical plane and tri-
axial accelerometers are able to detect the movement in all directions (111). 
Accelerometers can be used to assess both physical activity and sedentary 
behavior and currently it is the most commonly used criterion method to validate 
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questionnaires. It is able to provide the frequency and intensity of physical 
activity as within short interval as seconds. Although it can also estimate EE, the 
accuracy is still limited for a wide range of free-living conditions (112). Recently 
developed technology such as artificial neural networks or the combination of 
artificial neural networks with decision trees has demonstrated improvements in 
estimating intensity and EE from accelerometer data (108, 113). 
The most commonly used accelerometers for measuring sedentary behavior are 
the Actigraph and ActivPAL. However, Actigraph has not been calibrated yet for 
sedentary behavior (114). As a hip-mounted device, it is limited in its ability to 
differentiate between sitting and standing. To address this, new models of 
Actigraph include inclinometer function to detect posture have been developed. 
However the validity of inclinometer for measuring posture is still unclear (115). 
ActiPAL(PAL Technologies Ltd, Glasgow, UK) was developed to detect posture 
and found to be more accurate in estimating sitting behavior (114, 116). However, 
the device needs to be worn at the thigh with a sticker and is thus less convenient 
than hip-mounted device. It also tends to underestimate the activity intensity 
especially when intensity increases (117). 
Some studies have used multiple monitors attached to different parts of the body 
for example, the trunk and thigh, to detect changes in posture (107). However, 
multiple sensors may affect daily activity and hence, may not be suitable to use in 
the field for long-term monitoring (107). 
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Even though accelerometers are widely used in this area of research, there is 
currently no consensus on the method of data processing and thus it significantly 
affects the estimates of physical activity/sedentary. For instance, Keadle et al 
compared the two commonly used wear-time definitions and reported that 
Troiano algorithm underestimated sedentary time compared to Choi algorithm 
(118). In addition, it was reported that using vertical axis cut-points overestimated 
sedentary time than using vector magnitude cut-points (116). Ayabe et al reported 
that the longer epoch length (20s and 60s) resulted in higher frequency and time 
of physical activity bouts than shorter epoch lengths (4s) (119). Moreover, there 
are several cut-points to estimate intensity and different algorithms to estimate EE 
even just for the same device, which might affect the estimates (120). Atkin et al 
reported that higher sedentary cut-point was associated with higher metabolic 
risks (121). However, Gabriel et al reported that even though the epoch length 
affected the classification of physical activity, it did not significantly impact on 
the association of PA with health outcomes (122). 
The commonly used cut-points for physical activity and sedentary behavior were 
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vigorous   
(9 METs) 
Vertical axis 
  Actigraph 




1952-5724 5725-9498 >9498 
Nichols (124) 2000 0-1576 
 
1577-3284a 3285-5676a >=5677a 




574-4944 4945-9316 >=9317 
Hendelman (126) 




191-7525 7526-14860 >=14861 
    Hendelman (126) 




2191-6892 6893-11595 >=11596 
















  Yngve (129) 










  Matthews (131) 2008 0-99 





      Kozey-keadle 
(116) 2011 150 
          Clemes  (115) 2012 <50 
     Actical  
            Wong  (133) 2011 100 





 Vector Magnitude  
(3-axis) 
       Tritrac-RT3 
            Nichols (135) 1999 0–650a 
 
651–1771a 1772a 3455a 
      Hendelman (126) 




1028-2632 2633-4236 >=4237 
     Hendelman (126) 




167-2903 2904-5640 >=5641 



















aNichols used different intensity; light (2.0 –3.9 METs); moderate (4.0–6.9 METs); vigorous (>= 7.0 METs). 
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Heart rate monitors can also be used to assess both physical activity and 
sedentary behavior. Heart rate (HR) is an indication of the intensity of the relative 
stress that is placed upon the cardio-respiratory system during movement and is 
therefore an indirect measure of physical activity. It can provide information on 
duration, frequency and intensity of the activity as well as total EE (TEE) by 
FLEX HR method (138). Flex HR was calculated as the mean of the highest 
resting HR and the lowest HR while exercising (138). Sedentary time was 
calculated as all minutes below flex HR (139, 140) . However, emotion, 
temperature, food and caffeine intake, and medication can also influence HR 
(141).  
Combination methods 
Accelerometer or heart rate monitor cannot differentiate the context of sitting. A 
combination of accelerometer and heart rate monitor such as ActiHeart was 
reported to be more accurate in estimating physical activity than using a single 
type of device (142, 143). However, it is more intrusive for the participants and 
hence reduces the response rate. In addition, it is costly and the analysis of the 
data is complex. The use of geographic information systems (GIS) or the 
SenseCam together with accelerometer can provide more comprehensive 
information on type and context of activity (108, 144-147). However, these new 
technologies are expensive and time consuming to process the data and thus it is 
not feasible to employ in studies of large sample size (144, 145). In addition, the 
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major drawbacks of using these technologies for research, especially wearing 
cameras, are ethical and privacy concerns (144). 
 A wearable shoe-based device has an embedded accelerometer and pressure 
sensors positioned in the insole (148). It is aimed to predict EE more accurately 
by using both accelerometer data and pressure sensors (148). It can also recognize 
six major postures and activities (sitting, standing, walking, ascending and 
descending stairs, and cycling) (148). Although it works well in laboratory 
setting, it may not be feasible to use it in assessing free-living activities and large 
scale studies as the participants need to wear the shoes during all waking hours to 
obtain accurate estimations of EE or activity patterns (148). 
The methods to measure physical activity/sedentary behavior and energy 
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Table 2.2 Summary of methods to measure physical activity/sedentary and energy expenditure 
Method  Measurement Strength Weakness 
Objective method 
Doubly Labelled Water Energy expenditure 
(EE) 
-Considered as gold standard to 
measure EE in free-living 
conditions as it can measure total 
EE accurately. 
-High cost  
-Not able to provide pattern of 
physical activity. 
-Sophisticated analysis 




Energy expenditure -Able to assess EE accurately. -High cost  
-Not able to provide pattern of 
physical activity. 
-Direct calorimeter and non-
portable indirect calorimeter are 
not able to assess free-living 
conditions.  
-Even though portable 
calorimeter can be used in the 
field, it is limited to less than 8 
hours.  
-Not able to use in large scale 
studies 
Direct observation Physical 
activity/sedentary 
-Considered as objective method 
to assess pattern of physical 
activity and sedentary. 
-Reduced measurement errors 




-Not able to assess free-living PA 
-Prone to Hawthorne effect 
-Not  able to use in large scale 
studies 
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-More useful for assessing 
walking 
-Able to use in large scale studies 
-Very limited ability to estimate 
EE or distance or intensity 
accurately 
-Prone to  Hawthorne effect 
Accelerometer Physical 
activity/sedentary 
-Convenient, non-invasive, can 
record data as short as in seconds 
and pattern and intensity of 
PA/sedentary 
-Able to estimate energy 
expenditure  
-Able to use in large scale studies 
-Limited ability to detect upper 
body movement or static work 
-Not able to provide the context 
or specific type of PA/sedentary 
-Variability among different 
devices, cut-points, epoch-length 
and algorithms in estimating 
PA/EE 
Heart Rate (HR) 
monitoring 
Energy expenditure 
/ Physical activity/ 
Sedentary 
-Able to estimate EE accurately 
as the HR and oxygen uptake are 
directly proportionate especially 
in higher level of physical 
activity 
-Able to provide information on 
frequency, duration and intensity 
of physical activity/sedentary 
-HR is not a good predictor of EE 
at low levels of physical activity 
 
-It is also influenced by stress, 
temperature, humidity, 
dehydration, posture and illness 
 




-Able to estimate EE, pattern and 
physical activity more accurately 
than using only one of these 
devices 
-High cost 







-Able to estimate EE, pattern and 







-Able to estimate EE, pattern and 
physical activity more accurately 
-Complex analysis 
-Inconvenience as the participants 
need to wear shoes 
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Method  Measurement Strength Weakness 
Subjective method 
Records/ logs Physical 
activity/sedentary 
-Low cost 
-Eliminate recall bias 
-Hawthorne effect 
-Time consuming to analyze data 





-Eliminate recall bias 
-Able to capture the context of 
PA/sedentary 
-Hawthorne effect 
-Time consuming to analyze data 
- Burden to participant  
Recall/Questionnaires Physical 
activity/sedentary 
-Relatively low cost 
-Ease of administration 
-Ability to assess specific types 
of physical activity as well as 
frequency, intensity and duration  
-Prone to recall bias 
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Chapter 3: Validation of physical activity 




In order to answer the questions raised at the end of chapter 1, we needed to 
measure physical activity in the various domains.  There are several methods to 
assess the physical activity.  These include objective measurements such as 
accelerometer, heart rate monitor and subjective measurements such as 
questionnaire, activity log or diary. In several of our studies, we chose to use a 
questionnaire because of its low cost and ease of administration. However, it is 
important to validate the questionnaire in the study population in order to interpret 
the findings resulting from this instrument. 
At the time this study was conducted, there were few questionnaires validated in 
the Asian population. The International Physical Activity Questionnaire (IPAQ), 
which was designed to provide a comparable physical activity data across 
different populations, was only validated in Japanese and Hong Kong Chinese 
population (105, 149, 150). However, the Japanese validation study only 
evaluated total physical activity and not the ability of IPAQ to differentiate 
between moderate and vigorous activity (105). The two validation studies 
conducted in Hong Kong Chinese reported inconsistent results (149, 150).  The 
questionnaire used in Shanghai physical activity study had  limited validity for 
moderate-to-vigorous intensity (spearman correlation of 0.17)(151).  At the same 
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time, we had developed a questionnaire for assessing the various domains of 
physical activity in a cohort study called the Singapore Prospective Study 
Program (described in chapter 4).  In this study we aimed to validate the IPAQ 
long form and the physical activity questionnaire used in the Singapore 
Prospective Study Program (SP2) with accelerometer in a multi-ethnic population 
of Chinese, Malays, and Indians living in Singapore. 
3.2 Methods 
3.2.1 Study population 
We studied 164 participants, aged above 21 years. These were mainly students 
and staff from local university and hospital. Ethics approval was obtained from 
the National University of Singapore Institutional Review Board (NUS IRB). 
Written informed consent was obtained from all participants. One participant 
withdrew from the study after 2 days. Hence, 163 participants completed the 
study.  
3.2.2 Procedures 
Anthropometric measurements were taken (height to the nearest 0.1 cm and 
weight to the nearest kg). Participants then completed one of the two evaluated 
questionnaires (SP2PAQ or IPAQ) before the physical activity monitoring period. 
Physical activity was monitored using an Actical accelerometer for five days 
including 3 weekdays and 2 weekend days. Participants were instructed to wear 
the accelerometer for all waking hours except during water-based activities. After 
completion of the five-day monitoring period, participants returned the 
accelerometer and completed the remaining questionnaire. The first 120 
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participants answered IPAQ before the monitoring period and SP2PAQ 
immediately after the monitoring period. The order of the questionnaires was 
reversed for the last 43 participants to evaluate whether the order of questionnaire 
assessment may have affected the results.  
Of the 163 participants, 52 participants were re-recruited to test reproducibility of 
the questionnaires and the accelerometer. The reproducibility of the accelerometer 
was evaluated at the same time as the questionnaires were administered using the 
same device in both periods.  The mean interval between the two assessments was 
175 days (SD= 64 days) with minimum 63 days and maximum 308 days. 
3.2.3 Physical activity questionnaires 
The 8 versions of International physical activity questionnaire (IPAQ) were 
developed by an International Consensus Group between 1997 and 1998. These 
were developed as an instrument for cross-national monitoring of physical activity 
with a recall period of 7 days. In 2000, the reliability and validity of the 
questionnaires were evaluated in 12 countries and the result was published in 
2003, which showed acceptable reliability and validity (105, 152). Since its 
development, it has been validated in different populations and also widely used 
in research studies (150, 153-155). The self-administered IPAQ long form covers 
four domains of physical activity: job related activity; transportation activity; 
housework, house maintenance, and caring for family; and recreation, sports, and 
leisure-time physical activity. For each domain, the time spent on moderate and 
vigorous activity per day and the numbers of days per week were recorded. 
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Walking time was asked in all domains except household activity.  In addition, 
time spent sitting on weekday and weekend was also recorded.  
The physical activity questionnaire used in Singapore Prospective Study Program 
(SP2PAQ) is an interviewer-administered questionnaire with a recall period of the 
previous 3 months. As mentioned before it was adapted from several established 
questionnaires validated in other populations (156-158) and encompassed 
transportation, occupation, leisure time and household activities.  
The questions on transportation activity were adapted from National Health 
Survey 2004 questionnaire (159) which asked about walking or cycling for 
transport for at least 10 minutes. The duration, frequency and the intensity of the 
activity (light, moderate, or vigorous) were recorded. Questions on occupational 
activity were based on the validated Modifiable Activity Questionnaire (157, 
160). Participants were asked to list all jobs held during the past 3 months. For 
each job entry, data was collected for the job schedule and job activity was 
determined by the number of hours spent sitting at work and the most common 
physical activities performed when not sitting. Leisure time activity was adapted 
from the Minnesota leisure time activity questionnaire covering a total of 48 
specific activities and open questions about possible other activities which has 
been validated in various populations (158, 161-163). For each activity, 
participants identified the frequency and the average duration of participation in 
each activity. Household activity was adapted from the Yale physical activity 
questionnaire which covers housework, yard work and caretaking for elderly 
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persons or children and has been validated in diverse populations (156, 164, 165). 
Participants were asked about the type of activity performed and the frequency 
and duration of each activity.  The SP2PAQ can be found in appendix A. 
3.2.4 Actical physical activity monitor 
Objective measurement of physical activity was obtained by using the Actical® 
physical activity monitor (Mini Mitter Co.,Inc.,Bend, OR) which is a water 
resistant, lightweight (17g) and small (28 x27x 10 mm) device. The monitors are 
initialized and downloaded through the ActiReader PC serial port interface. 
According to manufacturer, the Actical is an omnidirectional, piezoelectric 
accelerometer, which is able to detect movements in all directions. It is sensitive 
to movements in the range of 0.5–3 Hz and its sensitivity allows for detection of 
episode when the individual is totally sedentary to highly active movement. Its 
reduced frequency range also minimizes the effect of undesirable noise impulses, 
which tend to skew energy expenditure (166). The Actical accelerometer has been 
validated previously showing good reliability and accuracy for estimating the 
energy expenditure from physical activity and the time spent in moderate and 
vigorous physical activity (167, 168) and has been used in epidemiological studies 
(169). The physical activity intensity prediction of the Actical accelerometer was 
validated with a room calorimeter. This showed that differences between the 
measurements of the Actical accelerometer and the calorimeter for the time spent 
in each moderate and vigorous intensity activity was < 2% (170) . 
Page 69 of 233 
 
Compared to ankle and wrist, hip was the best location for monitor placement to 
predict the energy expenditure from physical activity when validated against with 
VmaxST portable metabolic system (R=0.90)(171). For this study, all participants 
wore the Actical accelerometer on the right hip, just anterior to iliac crest with 
elastic belt. The device was initialized using 15-s epochs and converted to 1-min 
epochs for data analysis of energy expenditure.  
The quality of the devices was monitored by checking the coefficient of variation 
(CV) of the devices monthly (172). All the devices were placed on the mechanical 
shaker for 12 hours and the CV was calculated by dividing the standard deviation 
of activity counts with the mean of activity counts captured by the devices. The 
CVs during the study period were acceptable, ranging from 10.2% to 16.6%. 
3.2.5 Calculation of Energy Expenditure from Physical Activity 
For IPAQ, we used the IPAQ data processing rules (173) for our calculations. The 
data was truncated at 21 hours per week for each of the following groups of 
activities: walking activity, other moderate activity, and vigorous (173) . 
Subsequently, walking activity and other moderate activity were combined to 
derive total moderate activity. Metabolic equivalent task (MET) levels were 
obtained from the IPAQ scoring protocol (173) for the IPAQ questionnaire and 
from the compendium by Ainsworth et al (15) for the SP2PAQ questionnaire. 
One MET unit is defined as the energy expenditure for sitting quietly, which for 
the average adult is approximately 3.5 ml of oxygen x kg bodyweight-1 x min-1 or 
1 kcal x kg body weight-1  × h-1 (15).  For both questionnaires, minutes were 
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converted to hours and weekly energy expenditure from each physical activity 
(Kcal/ week) was calculated as follows: hours spent on activity per day x numbers 
of days per week x MET value x body weight in kg (174, 175). Then the energy 
expenditures from all the activities under each intensity category were combined 
to obtain the total energy expenditure per week for each moderate and vigorous 
intensity category. Moderate intensity was defined as 3 to 6 METs and vigorous 
intensity was defined as more than 6 METs (176). 
The resulting measures from the two questionnaires expressed in Kcal per week 
were divided by 7 and the total Kcal for each moderate and vigorous intensity 
category from accelerometer for 5-day wearing period was divided by 5, to derive 
average Kcal per day for all methods. 
The Actical accelerometer recorded physical activity in a series of activity counts 
which were proportional to the magnitude and duration of the sensed 
accelerations. The raw minute-by-minute activity counts were then transformed 
into energy expenditure by the computer program using MET prediction 
algorithms of Klippel et al(171) . The output of the program included data of 
energy expenditure (Kcal/day) and time spent on light, moderate and vigorous 
activity with cutoff points of 3 METs between light and moderate activity and 6 
METs between moderate and vigorous activity. In this study, we used 2R 
regression to estimate energy expenditure from physical activity, which exhibits a 
decreased tendency to over predict energy expenditure (166).  
 
Page 71 of 233 
 
3.2.6 Statistical Analysis 
The accelerometer data was considered valid only when 10 or more hours of data 
per day were collected for five days. Thus, 8 participants were excluded because 
they did not meet this criterion. In addition,  3 participants who reported the sum 
total of all walking, moderate and vigorous time more than 16 hours per day in 
IPAQ were treated as outliers and excluded from analysis according to IPAQ data 
processing rule (173). As a result, 152 participants were included in the analysis 
and 43 participants for reproducibility analysis (Figure 3.1).  
Figure 3.1 Flow chart of participants considered including in the analysis 
 
 164 participants recruited 
163 participants 
participated in the study 
1 participant withdrew 
52 participants re-recruited for 
reproducibility 
Exclusion 
<10 hours/day of wearing 
accelerometer 
> 16 hours/day of the sum 
total of all walking, 




152 participants included 
in the analysis for validity 
43 participants included in the 
analysis for reproducibility 
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The correlations between estimates of energy expenditure from physical activity 
assessed by the accelerometer and estimates assessed by questionnaires were 
obtained by the Spearman rank correlation test. Because correlations between the 
questionnaires and the reference instrument (i.e. the accelerometer) are interpreted 
as measures of the accuracy of the questionnaires, it is desirable to correct for 
limitations of the reference instrument that reduce these correlations. Thus we 
calculated correlation coefficients corrected for within-person variation in the 







 rt= “true” correlation coefficient  
r0= observed correlation coefficient  




ICC1−    
where ICCaccelerometer =interclass correlation coefficient of accelerometer 
n teraccelerome  = number of repeated accelerometer measurements within-subject 
The 95% and 99.99% confidence intervals for correction correlations were 
calculated using the formulas suggested by Willett et al (178). In addition, a 
Bland-Altman plot was created for the agreement between the questionnaires and 
the accelerometer measurement. The reliability of the questionnaires was 
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evaluated using spearman rank correlation coefficient and intra-class correlation 
coefficient (ICC) which was derived from two-way mixed-effects models (179). 
Spearman correlation and ICC are commonly used to test the reliability of the 
physical activity questionnaires in most studies (180). Spearman’s correlation 
coefficient should be used when the data are not normally distributed and 
generally physical activity data are skewed including the data in our study (14, 
105). However, it has been also reported that Pearson or Spearman correlation 
coefficient may not be good reliability indices as they do not account for 
systematic error, hence, even though there is a perfect correlation, there can still 
be a poor agreement between the test-retest scores (181-183). Thus, it has been 
suggested that ICC is a more appropriate test for reliability as it accounted both 
systematic and random errors (181-183). All statistical analyses were performed 
using Stata 10 for Windows (Stata Corporation, College station, Texas, USA). 
3.3 Results 
The study population (N=152) had mean age of 38.3 years and mean BMI of 
24.54 kg/m2. The majority of participants had a job, but there were also students, 
homemakers, retired and unemployed participants. Nearly 70% had a higher 
education while 21% achieved secondary education and less than 10% had no 
education or primary level. There was a large variation in household income 
among participants (Table 3.1). 
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Table 3.1. Socio-demographic characteristics of study population 
N=152   
Age(years), mean ± SD 38.30±12.86 
Body Mass Index (kg/m² ),mean ± SD 24.54±4.64 
  Age group (N, %) 
 ≤40 years 87 (57.24) 
>40 years 65 (42.76) 
    Gender (N, %) 
 Male 64 (42.11) 
Female 88 (57.89) 
  Ethnicity (N, %) 
 Chinese 66 (43.42) 
Malay 34 (22.37) 
Indian 52 (34.21) 
  Highest level of education (N, %) 
 None/ primary 13 (8.55) 
Secondary 32 (21.05) 
Technical school/diploma 42 (27.63) 
University 65 (42.76) 
  Work status (N, %) 
 Working 98 (64.47) 
Student 33 (21.71) 
Homemaker 17 (11.18) 
Retired 3 (1.97) 
Unemployed 1 (0.66) 
  Household income(S$/month) (N, %) 
 Less than $2000 27 (17.76) 
$2000 to $3999 40 (26.32) 
$4000 to $5999 37 (24.34) 
$6000 to $9999 27 (17.76) 
More than $ 10 000 19 (12.5) 
Decline to answer 2 (1.32) 
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Table 3.2 shows the correlation between the IPAQ and SP2PAQ.  The two 
questionnaires showed reasonable correlation with each other for moderate 
activity (r = 0.55), but a low correlation for vigorous activity (r =0.27). 
Table 3.2 Correlation between IPAQ and SP2PAQ measurements of energy expenditure from 
physical activity 
  Moderate activity Vigorous activity 
 
Correlation 
EE (kcal/day)  
(median, IQR) Correlation 




IPAQ SP2   IPAQ SP2 









Stratified by age group  
 
 


























































Malay (N=34) 0.51* 
460  
( 205, 938) 
250  














EE= energy expenditure 
*p value<0.05, ** p value<0.0001 
IPAQ= International Physical Activity Questionnaire; SP2PAQ= Singapore Prospective 
Study Program Physical Activity Questionnaire; IQR= inter-quartile range 
 
 Table 3.3 presents data on the Spearman rank correlation between energy 
expenditure from physical activity assessed using questionnaires and the 
accelerometer. In general, correlations were higher for vigorous activity than 
moderate activity and higher for the SP2PAQ than for the IPAQ. The correlations 
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between the IPAQ and accelerometer were 0.13 for moderate activity, 0.18 for 
vigorous activity, and 0.19 for moderate and vigorous activity combined. These 
correlations remained low after correction for within-person variation in the 
accelerometer measurements; the corrected correlation was 0.15 for moderate 
activity was and 0.31 for vigorous activity. The correlation for the SP2PAQ was 
0.24 for moderate activity, 0.42 for vigorous activity, and 0.28 for moderate and 
vigorous activity combined. Correction of these correlation coefficients for 
within-person variation in the accelerometer measurements increased the 
correlation only slightly for moderate activity (r=0.27), but substantially for 
vigorous activity (r=0.73). No substantial difference in correlation between the 
questionnaires and accelerometer was observed according to the order of the 
questionnaire assessments (i.e. before or after the accelerometer assessment) (data 
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Table 3.3 Correlation between the IPAQ and SP2PAQ measurements and 
accelerometer measurements of energy expenditure from physical activity 
  Moderate activity Vigorous activity 
 N=152 Correlation Corrected Correlation¥ Correlation 
Corrected 
Correlation¥ 
IPAQ 0.13 0.15 0.18* 0.31* 
Stratified by age group     
  ≤40 years (N=87) 0.08 0.09 0.30* 0.52* 
  >40 years (N=65) 0.21 0.24 -0.07 -0.01 
Stratified by gender     
  Male (N=64) 0.24 0.27 0.28* 0.48 
  Female (N=88) 0.12 0.13 0.05 0.09 
Stratified by ethnicity     
  Chinese (N=66) 0.32* 0.36* 0.20 0.35 
  Malay (N=34) 0.19 0.21 0.07 0.12 
  Indian (N=52) -0.15 -0.17 0.28* 0.48 
     
SP2PAQ 0.24* 0.27* 0.42** 0.73* 
Stratified by age group     
  ≤40 years (N=87) 0.21 0.24* 0.48** 0.83 
  >40 years (N=65) 0.27* 0.30* 0.28* 0.48 
Stratified by gender     
  Male (N=64) 0.16 0.18 0.49** 0.85 
  Female (N=88) 0.29* 0.33* 0.34* 0.59* 
Stratified by ethnicity     
  Chinese (N=66) 0.34* 0.38* 0.50** 0.87 
  Malay (N=34) 0.51* 0.57 0.39* 0.68 
  Indian (N=52) -0.08 -0.09 0.32* 0.55 
*p value<0.05, ** p value<0.0001    
IPAQ= International Physical Activity Questionnaire; SP2PAQ= Singapore Prospective 
Study Program Physical Activity Questionnaire 
  ¥ corrected correlation= corrected for within-person variation in accelerometer 
measurements.
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The validity of the questionnaires was further assessed by stratifying the study 
population according to age, gender, and ethnic group. Compared with the 
younger age group, the correlation between the energy expenditure from physical 
activity assessed by questionnaire and accelerometer in the older group tended to 
be higher for moderate activity, but lower for vigorous activity. This was 
observed for both questionnaires. The correlation was higher in men for both 
moderate and vigorous activity when the IPAQ was used, whereas the correlation 
was higher in women than men for moderate activity when the SP2PAQ was 
used.   
The performance of the SP2PAQ was similar in all three ethnic groups for 
vigorous activity, but for moderate activity, Malays showed a higher correlation 
with accelerometer measurements than Chinese and particularly Indians. For the 
IPAQ, reasonable correlations were only observed with the accelerometer in 
Chinese for moderate activity and Indians for vigorous activity. 
The agreement between the questionnaires and the accelerometer was also 
evaluated using Bland-Altman plots. Both IPAQ and SP2PAQ underestimated 
average energy expenditure from moderate activity, but overestimated average 
energy expenditure from vigorous activity as compared with the accelerometer.   
The mean difference of daily energy expenditure between the measurements of 
IPAQ and accelerometer for moderate activity was -169 Kcal/day (95%CI: -236 
to -90) and that of between SP2PAQ and accelerometer was -196 Kcal/day (95% 
CI: -295 to -97). SP2PAQ showed good agreement with the accelerometer for 
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moderate activity when the energy expenditure was below approximately 1200 
Kcal per day. However, it tended to overestimate energy expenditure when energy 
expenditure increased above that level (Figure 3.2).  
Figure 3.2 Bland-Altman plots for comparing the agreement between 
questionnaires and accelerometer measurements of moderate activity  
The difference of estimate of moderate physical activity from the questionnaire 
and the accelerometer (y-axis) are depicted in relation to the mean of estimates of 
moderate physical activity from the questionnaire and the accelerometer (x-axis) 
 
For vigorous activity, the mean difference of daily energy expenditure between 
the measurements of the IPAQ and accelerometer was 139 Kcal per day (95% CI: 
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(95% CI: 47 to 116). For vigorous activity, both questionnaires showed good 
agreement with the accelerometer for energy expenditure below approximately 
400 Kcal per day. However, the higher the energy expenditure above that level, 
the greater was the degree of overestimation of the questionnaires (Figure 3.3).  
Figure 3.3 Bland-Altman plots for comparing the agreement between 
questionnaires and accelerometer measurements of vigorous activity 
The difference of estimate of vigorous physical activity from the questionnaire 
and the accelerometer (y-axis) are depicted in relation to the mean of estimates of 
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The reproducibility of the two questionnaires and the accelerometer was also 
evaluated (Table 3.4). IPAQ had higher reproducibility for moderate activity, but 
lower reproducibility for vigorous activity than the SP2PAQ.The reproducibility 
of the accelerometer was higher than the two questionnaires for moderate activity, 
but lower for vigorous activity. 
Table 3.4 Reproducibility of IPAQ, SP2PAQ, and accelerometer measurements 
of energy expenditure from physical activity 
 















correlation 0.58** 0.38* 0.55** 0.75** 0.68** 0.52* 
ICC 0.74** 0.77** 0.51* 0.80** 0.79** 0.32 
*p value<0.05, ** p value<0.0001 
IPAQ= International Physical Activity Questionnaire; SP2PAQ= Singapore Prospective 
Study Program Physical Activity Questionnaire; ICC= intra-class correlation coefficient 
Mean ± SD of interval(days) between assessments= 175±64 
  
 
The validity of sedentary time captured by questionnaires was also tested by 
Spearman rank correlation. The sitting time in SP2PAQ has higher correlation 
with accelerometer measured sedentary time than that of IPAQ (0.42 vs 0.14). 
There was no correlation of TV viewing time and time spent on computer use 
with accelerometer measured sedentary time.  
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Table 3.5 Spearman rank correlation between IPAQ, SP2PAQ and 
accelerometer measurements of sedentary time 
  Correlation 
Corrected 
Correlation 
IPAQ     
Motorized transportation 0.06 0.07 
All sitting time except sitting during transportation 0.31** 0.34* 
Total sitting time including transportation 0.14 0.15 
   SP2PAQ 
  Leisure time sitting 0.16 0.18* 
#Occupational sitting 0.40** 0.44* 
#Total sitting 0.42** 0.46* 
   TV viewing time -0.09 -0.10 
Time spent on computer use -0.002 -0.002 
# correlation was calculated among those who were working 
 *p value<0.05, ** p value<0.0001 
IPAQ= International Physical Activity Questionnaire; SP2PAQ= Singapore Prospective 
Study Program Physical Activity Questionnaire 
3.4 Summary 
Our study showed that the IPAQ had limited accuracy for distinguishing physical 
activity levels of individuals and performed poorly in our study population as 
compared with Western populations.  However, its performance was comparable 
to that observed in a Chinese population in Hong Kong. The SP2PAQ had 
acceptable validity and reproducibility and can be used in large epidemiological 
studies particularly for the assessment of occupational sitting time and vigorous 
physical activity. For moderate activity, however, adaptation of the questionnaire 
for the Indian population may be needed. For both the IPAQ and SP2PAQ 
questionnaire, considerable measurement error observed for the estimation of 
absolute physical activity levels particularly at higher levels of activity, which 
should be taken into account when the adequacy of activity levels of population 
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groups are assessed. When we compare our results for IPAQ with results from 
studies in other populations, it is evident that the validity of the IPAQ differs 
substantially between populations. Thus, validation sub-studies using objective 
measures of physical activity within large epidemiological studies are desirable to 
quantify measurement error and later correct estimates of physical activity and 
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Chapter 4: Association of TV viewing time with 
cardio-metabolic biomarkers 
4.1 Introduction 
As mentioned in chapter 1, the findings on the association of sedentary behavior 
with cardio-metabolic markers were not consistent. This may be due to different 
measurement used to assess sedentary behavior. Some studies used total sitting 
time to describe sedentary behavior whereas some used TV viewing time as a 
surrogate marker for sedentary behavior. However, TV viewing time may be 
more than just an indicator of sedentary behavior as it has been shown to be 
associated with other behavioral risk factors such as unhealthy eating (184). 
Despite this the majority of previous studies did not consider the role of dietary 
intake when assessing the effect of sedentary behavior or TV viewing time on the 
cardiovascular risk factors. In addition, most studies which showed that sedentary 
behavior was independently correlated with cardiovascular risk factors, or CVDs, 
only adjusted for leisure time physical activity.  It is unclear if the findings could 
be confounded by physical activity from other domains. 
Hence, in this study, we examined the association of TV viewing time with 
cardio-metabolic biomarkers in an Asian population considering a wide range of 
potential confounders and mediators including total physical activity, dietary 
factors and BMI.  We also examined associations of computer/reading time, 
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leisure time sitting and occupational sitting with cardio-metabolic biomarkers to 
evaluate whether TV viewing time may have unique effects. 
4.2 Methods 
The Singapore Prospective Study Program, conducted between 2004 and 2007, 
was a population-based study in a multi-ethnic population in Singapore. The 
participants in this study took part in four previous population-based cross-
sectional surveys carried out between 1982 and 1998 in Singapore. Detailed 
descriptions of these studies have been previously published (185). Briefly, these 
previous surveys were all conducted in a random sample of individuals from the 
Singapore population, with disproportionate sampling stratified by ethnicity to 
increase the numbers for ethnic minority groups (Malays and Asian Indians).  
Participants who were deceased at time of follow-up (through data-linkage with 
the Registry of Births and Deaths) (n= 559), who had emigrated (n=6) or who had 
an error in their identity card number (n=102) could not be included in the follow-
up. Three home visits on three different occasions including one weekend and 
weekday were made before a participant was deemed non-contactable. 2306 
participants were regarded as non-contactable. Hence, 7774 participants remained 
from a total of 10747 participants from the four surveys. Of the remaining 
participants, thirty (0.3%) refused to participate in the follow-up assessments. 
A questionnaire was administered by trained staff at the participant’s home. 
Questionnaires were in English and when needed interviewers provided additional 
explanation in Chinese, Malay or Tamil. All the interviewed participants were 
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subsequently invited to attend a health examination for additional tests and 
collection of blood samples shortly after the home visit. A total of 7,744 (76.8% 
response rate) were interviewed, of which 5,163 (66.7% response rate, or 51.3% 
of total eligible participants) participants attended the health examination.  Ethics 
approval was obtained from the Institutional Review Boards of National 
University of Singapore and Singapore General Hospital. Written informed 
consent was obtained from all participants before conduct of study.  
4.2.1 Assessment of TV viewing time and other sedentary behaviors 
TV viewing time was assessed by asking participants “Currently how many hours 
per day do you spend watching television or playing computer/handheld video 
games on the television screen?” Computer and reading time were assessed by the 
following questions; 1) “currently how many hours per day do you spend using 
the computer?” and 2) “Currently, how many hours per day do you read and 
write?”  
Leisure time sitting was assessed by asking the participants “On average, how 
many hours per day do you spend doing activities in your free time where you are 
sitting down?” and sitting hours were recorded separately for weekdays and 
weekends.  
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4.2.2 Assessment of risk factors 
For the health examination, participants were examined following a 10-hour 
overnight fast. Venous blood was drawn and collected in plain and fluoride 
oxalate tubes and stored at 4°C for a maximum of 4 hours prior to processing. All 
biochemical analyses on blood were carried out at the National University 
Hospital Referral Laboratory, which is accredited by the College of American 
Pathologists. Serum total cholesterol (TC), triglyceride (TG), and high density 
lipoprotein cholesterol (HDL-c) were measured using an automated autoanalyzer 
(ADVIA 2400, Bayer Diagnostics). Low density lipoprotein cholesterol (LDL-C) 
levels were calculated using the Friedewald formula. Fasting plasma glucose 
(FPG) was also assayed using enzymatic methods (ADVIA 2400, Bayer 
Diagnostics) using blood collected in fluoride oxalate tubes. High sensitivity-C-
reactive protein (hs-CRP) was measured using immunoturbidimetric assay (Roche 
Integra 400). Insulin was assayed by microparticle enzyme immunoassay using 
the Bayer ADVIA Centaur chemiluminescent assay. Insulin resistance was 
assessed by homeostasis model assessment [Insulin resistance, HOMA-IR= 
(fasting insulin x fasting glucose)/22.5]. Fasting serum adiponectin were 
determined using a sandwich enzyme-linked immunosorbent assay using an 
antibody specific for all multimeric forms of human adiponectin (Daiichi Pure 
Chemicals, Japan). 
The range of intra and inter-day coefficient of variation were TC (0.80-1.57% and 
0.93-1.15%), TG (0-3.85% and 1.27-3.40%), HDL-C (0.56-0.65% and 1.18-
2.00%), FPG (0-0.93% and 1.68-1.83%), hs-CRP (0.60–1.30 and 2.30–3.10%), 
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insulin (2.40-4.00% and 3.85-6.29%), adiponectin (18.09% and 15.94%) and high 
molecular weight (HMW) adiponectin (6.79% and 18.35%) respectively. 
Two readings of blood pressure were taken from participants after five minutes 
rest using an automated blood pressure monitor (Dinamap Pro100V2; Criticon, 
Norderstedt, Germany). A third reading was performed if difference between two 
readings of systolic blood pressure was greater than 10 mmHg or diastolic blood 
pressure was greater than 5 mmHg. Mean values of the closest two readings were 
calculated. The inter- and intra-observer coefficients of variation for systolic 
blood pressure were ranged from 0.51 to 10.20% and 0 to 2.50% whilst it was 
0.41 to 7.50% and 0 to 2.50% for diastolic blood pressure. 
4.2.3 Assessment of covariates 
Height was measured without shoes using a wall-mounted stadiometer. Weight 
was measured in light clothing using the same digital scale (SECA, model 782 
2321009; Vogel& Halke, Germany) for all participants. Participants were 
instructed to remove any objects such as keys and mobile phones before 
measurement. BMI was obtained by dividing weight (kg) by the square of height 
(m). 
Demographic, physical activity, dietary intake, medical history and other lifestyle 
factors were assessed by an interviewer-administered questionnaire. Dietary 
intake was assessed by a semi-quantitative 169-item validated food frequency 
questionnaire that is also used in the National Nutrition Surveys (186) and 
physical activity was assessed by a validated physical activity questionnaire 
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which covered transportation, leisure time, occupation and house hold activities 
(187). 
4.2.4 Statistical analysis 
From the 5163 participants who attended the health examination, we excluded 
participants with known diabetes (N=813), known hypertension (N=1742), 
cardiovascular disease (N=399), self-reported angina (N=236), cancer (N=75) to 
avoid potential reverse causation. In addition, we also excluded individuals who 
were pregnant (N=2), had an implausible energy intake (> 7000 or < 500 
kcal/day), or an energy intake to energy expenditure ratio that fell in extreme 2.5 
percentile range (N=413), and those who reported ethnicity other than Chinese, 
Malay or Indian (N=3) and missing other exposure variables (N=196). We further 
excluded participants on lipid lowering medication (N=955) for analysis of lipids, 
glucose, hs-CRP, adiponectin and HOMA-IR. Hence, for TV viewing time, 
computer and reading time, there are 3305 participants for the analysis of blood 
pressure and 3184 for the other outcomes.  Furthermore, for the additional 
analysis of leisure time sitting and occupational sitting, only participants who 
were currently employed were included in the analysis. Hence, there are 2482 
participants for the analysis of blood pressure and 2411 for the other outcomes. 
HDL-C, FPG, TG, hs-CRP, HMW and total adiponectin, and HOMA-IR were 
log-transformed to achieve a normal distribution.  We calculated means and 
standard deviations for continuous variables and proportions for categorical 
variables in each category of TV viewing time. Tests for trend were performed 
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using TV viewing category as a continuous variable. The Pearson’s partial 
correlation coefficients between potential mediators and TV viewing time were 
calculated, adjusting for age, sex, ethnicity and education. Multiple linear 
regression analysis was used to assess the association between category of TV 
viewing time and risk factors with the lowest category as a reference group and 
results are presented as adjusted means for each category of TV viewing time. To 
test the overall association of TV viewing time with risk factors, we also ran 
multiple linear regression analysis with TV viewing time (truncated at 4 standard 
deviations) as continuous exposure variables and cardio-metabolic biomarkers as 
outcomes. Similar analysis was conducted for combined reading and computer 
time (truncated at 16 hours per day), leisure time sitting per day (truncated at 4 
standard deviations) and occupational sitting time per day (truncated at 4 standard 
deviations). 
Model 1 was adjusted for age, sex, ethnicity and education. Model 2 was further 
adjusted for reading time, computer time, employment status, cigarette smoking, 
alcohol consumption, and parental history of diabetes and hypertension. 
Additional adjustment for BMI, physical activity and dietary factors was done in 
model 3 to understand the possible role of these factors in mediating the 
relationship between TV viewing time and cardio-metabolic biomarkers. Path 
analysis was used to further examine the role of mediators in the association 
between TV viewing time and HOMA-IR.  Path analysis is an extension of 
multiple regression analysis that can simultaneously assess the strength and 
direction of the interrelationships among exposures, potential mediators and 
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outcomes (188). The path model was constructed based on previous research 
findings for the directions of the studied effects. It was further modified by 
removing non-significant paths (p values > 0.05) and path analysis was performed 
again based on the reduced model. Result of path analysis was presented as 
standardized path coefficients. The fit of the model was evaluated by fit statistics; 
normed fit index (NFI), comparative fit index (CFI) and root mean square error of 
approximation (RMSEA). Indirect effect was calculated by multiplying the 
coefficients of the paths involved. IBM SPSS Amos 19 (SPSS Inc, Chicago, 
Illinois) was used to conduct path analysis and STATA 11 (STATA Corp, 
College station, Texas) was used to run all the other analyses. 
4.3 Results 
Table 4.1 shows characteristics of the participants according to TV viewing time. 
Participants who were older, female, had a lower education level, or were 
unemployed were more likely to watch TV for more than 3 hours per day. 
Ethnicity, cigarette smoking and alcohol drinking were not significantly 
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Table 4.1 Characteristics of the study population by TV viewing time in 3305 
Singaporeans 
  TV viewing time (hours/day)  
 <1 1- 1.99  2-2.99 >=3 p for 
trend 
N (%) 488 (14.77) 1031 (31.20) 977 (29.56) 809 (24.48)  
      
Age, years  (mean ±SD) 47.06 ± 
10.62 







Sex (N, %)      
   Male 242 (49.59) 503 (48.79) 450 (46.06) 328 (40.54) 0.0002 
   Female 246 (50.41) 528 (51.21) 527 (53.94) 481 (59.46)  
Ethnicity (N, %)      
   Chinese 356 (72.95) 719 (69.74) 666 (68.17) 546 (67.49) 0.22 
   Malay 60 (12.30) 175 (16.97) 184 (18.83) 150 (18.54)  
   Indian 72 (14.75) 137 (13.29) 127 (13.00) 113 (13.97)  
Highest level of education (N, %)    
   None/ primary 105 (21.56) 175 (16.97) 195 (19.96) 235 (29.05) <0.0001 
   Secondary 170 (34.91) 402 (38.99) 390 (39.92) 341 (42.15)  
   Technical school 87 (17.86) 241 (23.38) 237 (24.26) 155 (19.16)  
   University 125 (25.67) 213 (20.66) 155 (15.86) 78 (9.64)  
Current Employment status (N, %)    
   Yes 389 (79.71) 848 (82.25) 761 (77.89) 484 (59.83) <0.0001 
   No 99 (20.29) 183 (17.75) 216 (22.11) 325 (40.17)  
Cigarette smoking (N, %)      
  Never smoker 387 (79.30) 830 (80.50) 757 (77.48) 640 (79.11) 0.96 
  Current smoker 59 (12.09) 128 (12.42) 129 (13.20) 122 (15.08)  
  Ex-smoker 42 (8.61) 73 (7.08) 91 (9.31) 47 (5.81)  
Current alcohol 
consumption (N, %) 
81 (16.60) 173 (16.78) 190 (19.45) 139 (17.18) 0.49 
 
Table 4.2 shows partial correlations between TV viewing time and potential 
mediators of its adverse health effects, adjusted for age, sex, ethnicity and 
education. TV viewing time was associated with higher BMI, total calorie intake, 
and cholesterol intake and with lower fiber and carbohydrate intake. No 
significant correlations were found between TV viewing time and protein intake, 
the polyunsaturated-to-saturated fat ratio, and total, moderate and vigorous 
physical activity.   
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Table 4.2 Pearson's partial correlation coefficient between TV viewing and 
lifestyle factors 
  TV viewing 
time(hours/day) 
Body Mass Index (kg/m²) 0.085‡ 
Total calorie intake (kcal/d) 0.090‡ 
Cholesterol intake (per 1000 kcal) 0.070† 
Fiber intake (per 1000 kcal) -0.082‡ 
Carbohydrate intake (energy %) -0.092‡ 
Protein intake (energy %) 0.017 
Polyunsaturated: saturated ratio of fat -0.012 
  
Physical activity  
Total physical activity (MET-hr/week)  -0.012 
Moderate physical activity (MET-hr/week)  -0.011 
Vigorous physical activity (MET-hr/week)  -0.006 
Partial correlation adjusted for age, ethnicity, sex 
and education 
 
†p value ≤ 0.01,‡p value ≤ 0.0001 




Table 4.3 (a) and (b) shows the association between TV viewing time and cardio-
metabolic biomarkers. There were significant linear associations between TV 
viewing time and several biomarkers. In the model that was only adjusted for 
socio-demographic variables (model 1),  TV viewing time was associated with 
significantly higher systolic blood pressure (SBP), LDL-cholesterol, total 
cholesterol, triglycerides, hs-CRP, HOMA-IR, and lower total and high-molecular 
weight adiponectin levels. These associations did not substantially change after 
additional adjustment for other sedentary behaviors and potential confounders 
which included reading time, computer time, age, sex, ethnicity, education, 
employment status, smoking, alcohol, parental history of diabetes, parental 
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history of hypertension, except the association with high-molecular weight 
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Table 4.3 (a) Adjusted mean (and 95%CI) of cardio-metabolic biomarkers by TV viewing time 
  
  
TV viewing time (hours/day)   
<1 1- 1.99  2-2.99 >=3 ¶ p value 
Median of TV viewing time 0.5 1 2 3   
N (%)  488(14.77) 1031(31.20) 977(29.56) 809(24.48)  
Systolic blood 
pressure (mmHg) 


















(125.6,127.5) 127.9 (126.8,129) 0.19 
       
Diastolic blood 
pressure (mmHg) 
Model 1 76.1 (75.3,76.9) 76.0 (75.5,76.6) 76.1 (75.5,76.6) 76.5 (75.9,77.2) 0.37 
Model 2 76.1 (75.3,77.0) 76 .0 (75.4,76.6) 76.0 (75.4,76.6) 76.6 (76.0,77.3) 0.21 
Model 3 76.3 (75.5,77.1) 76.2 (75.6,76.7) 75.9 (75.4,76.5) 76.4 (75.8,77.1) 0.86 
       HDL-C (mmol/L) Model 1 1.42 (1.39,1.45) 1.42 (1.40,1.44) 1.41 (1.39,1.43) 1.39 (1.37,1.41) 0.004 
 Model 2 1.42 (1.39,1.44) 1.41 (1.40,1.43) 1.41 (1.39,1.43) 1.39 (1.37,1.41) 0.01 
 Model 3 1.41 (1.38,1.44) 1.41 (1.39,1.43) 1.41 (1.39,1.43) 1.40 (1.38,1.42) 0.14        LDL-C (mmol/L) Model 1 3.18 (3.11, 3.25) 3.22 (3.17, 3.27) 3.27 (3.22, 3.32) 3.31 (3.25, 3.36)† 0.004 
 Model 2 3.19 (3.12, 3.26) 3.22 (3.17, 3.27) 3.26 (3.21, 3.31) 3.30 (3.24, 3.36)* 0.01 
 Model 3 3.20 (3.13, 3.27) 3.23 (3.19, 3.28) 3.26 (3.21, 3.31) 3.29 (3.23, 3.34) 0.08        
Cholesterol 
(mmol/L) 
Model 1 5.19 (5.11, 5.27) 5.23 (5.18, 5.29) 5.28 (5.23, 5.34) 5.34 (5.28, 5.40)† 0.002 
Model 2 5.19 (5.11, 5.27) 5.24 (5.18, 5.29) 5.28 (5.23, 5.34) 5.33 (5.27, 5.40)† 0.008 
Model 3 5.20 (5.12, 5.28) 5.25 (5.19, 5.30) 5.28 (5.22, 5.33) 5.32 (5.25, 5.38)* 0.06 
       Model 1: Adjusted for age, sex, ethnicity, education  Model 2: Model 1 further adjusted for reading time , computer time, employment status,  smoking, alcohol, parental history of diabetes, parental 
history of hypertension 
Model 3: Model 2 further adjusted for potential mediators including total physical activity, BMI, ratio of polyunsaturated-to-saturated fat intake, 
and intake of total energy, fiber, cholesterol, carbohydrate and protein 
HDL-c, fasting plasma glucose, triglycerides, hsCRP, high-molecular weight adiponectin, total adiponectin,and HOMA-IR were log transformed 
and back transformed . 
* p value ≤ 0.05, †p value ≤ 0.01,‡p value ≤ 0.0001. ¶p value: p value of linear regression for association of TV viewing time (as a continuous 
variable) and outcome variables  
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Table 4.3 (b) Adjusted mean (and 95%CI) of cardio-metabolic biomarkers by TV viewing time 
    TV viewing time (hours/day)   
  <1 1- 1.99  2-2.99 >=3 
¶ p 
value 
Median of TV viewing time 0.5 1 2 3   
N (%)  488(14.77) 1031(31.20) 977(29.56) 809(24.48)         Fasting plasma 
glucose (mmol/L) 
Model 1 4.76 (4.69, 4.82) 4.76 (4.72, 4.81) 4.80 (4.75, 4.85) 4.80 (4.75, 4.85) 0.10 
Model 2 4.76 (4.69, 4.82) 4.76 (4.72, 4.81) 4.80 (4.75, 4.85) 4.80 (4.75, 4.85) 0.08 
Model 3 4.77 (4.71, 4.83) 4.77 (4.73, 4.82) 4.80 (4.75, 4.84) 4.78 (4.73, 4.83) 0.43 
       
Triglycerides 
(mmol/L) 
Model 1 1.05 (1.00, 1.09) 1.07 (1.04, 1.10) 1.09 (1.06, 1.13) 1.15 (1.11, 1.19)† <0.0001 
Model 2 1.05 (1.01, 1.10) 1.08 (1.04, 1.11) 1.09 (1.06, 1.13) 1.14 (1.11, 1.18)† <0.0001 
Model 3 1.07 (1.02, 1.11) 1.09 (1.06, 1.12) 1.09 (1.05, 1.12) 1.12 (1.09, 1.16) 0.04 
       Hs-CRP(mg/L) Model 1 0.94 (0.85, 1.04) 1.03 (0.96, 1.10) 1.04 (0.96, 1.11) 1.20 (1.11, 1.30)‡ <0.0001 
 Model 2 0.94 (0.85, 1.04) 1.03 (0.96, 1.11) 1.03 (0.96, 1.11) 1.20 (1.11, 1.30)‡ <0.0001 
 Model 3 0.99 (0.90, 1.08) 1.07 (1.00, 1.14) 1.02 (0.95, 1.09) 1.13 (1.05, 1.21)* 0.10        High-molecular 
weight adiponectin  
(µg/mL) 
Model 1 1.18 (1.10, 1.26) 1.13 (1.08, 1.18) 1.10 (1.05, 1.15) 1.08 (1.02, 1.14)* 0.048 
Model 2 1.17 (1.10, 1.25) 1.12 (1.07, 1.18) 1.10 (1.05,1.16) 1.09 (1.03, 1.15) 0.10 
Model 3 1.15 (1.07, 1.22) 1.10 (1.06, 1.16) 1.11 (1.06, 1.16) 1.12 (1.06, 1.18) 0.89 
       
Total adiponectin 
(µg/mL) 
Model 1 3.58 (3.42, 3.75) 3.38 (3.27, 3.48)* 3.32 (3.21,3.42)† 3.30 (3.18, 3.42)† 0.01 
Model 2 3.57 (3.41, 3.73) 3.37(3.27, 3.48)* 3.32 (3.22, 3.43)* 3.31 (3.19, 3.43)† 0.03 
Model 3 3.51 (3.36, 3.66) 3.33 (3.23, 3.43)* 3.34 (3.24, 3.44) 3.37 (3.26, 3.49) 0.52 
       HOMA-IR Model 1 1.17 (1.10, 1.24) 1.23 (1.18, 1.28) 1.26 (1.21, 1.31)* 1.38 (1.32, 1.44)‡ <0.0001 
 Model 2 1.17 (1.11, 1.24) 1.23 (1.18, 1.28) 1.26 (1.21, 1.31)* 1.37 (1.31, 1.44)‡ <0.0001   Model 3 1.21 (1.15, 1.27) 1.26 (1.22, 1.31) 1.25 (1.20, 1.29) 1.32 (1.27, 1.38)† 0.047 
Model 1: Adjusted for age, sex, ethnicity, education  Model 2: Model 1 further adjusted for reading time , computer time, employment status,  smoking, alcohol, parental history of diabetes, parental 
history of hypertension 
Model 3: Model 2 further adjusted for potential mediators including total physical activity, BMI, ratio of polyunsaturated-to-saturated fat intake, 
and intake of total energy, fiber, cholesterol, carbohydrate and protein 
HDL-c, fasting plasma glucose, triglycerides, hsCRP, high-molecular weight adiponectin, total adiponectin,and HOMA-IR were log transformed 
and back transformed . 
* p value ≤ 0.05, †p value ≤ 0.01,‡p value ≤ 0.0001. ¶p value: p value of linear regression for association of TV viewing time (as a continuous 
variable) and outcome variables  
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We next considered variables that could be mediators of the association between 
TV watching and cardio-metabolic biomarkers. These were body mass index, 
physical activity, total calorie intake, fiber intake, cholesterol intake, 
polyunsaturated to saturated fat ratio of diet, percentage of energy from 
carbohydrate and protein.  When these variables were included in model 3, 
associations were attenuated, but remained statistically significant for 
triglycerides and HOMA-IR.  
Similar analyses were carried out for other sedentary activities, namely time spent 
reading or working on a computer (Table 4.4 & 4.5 (a) and (b)), leisure time 
sitting (Table 4.6 (a) and (b)) and occupational sitting time (Table 4.7 (a) and (b)). 
 Table 4.4 shows the Pearson’s partial correlation between computer/reading and 
potential mediators, adjusted for age, sex, ethnicity and education. 
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Table 4.4 Pearson's partial correlation coefficient between 
computer/reading time and lifestyle factors 
  Computer/reading time 
(hours/day) 
Body Mass Index (kg/m²) -0.007 
Total calorie intake (kcal/d) 0.004 
Cholesterol intake ( per 1000 kcal) -0.017 
Fiber intake ( per 1000 kcal) 0.024 
Carbohydrate intake (energy %) -0.028 
Protein intake (energy %) -0.019 
Polyunsaturated: saturated ratio of fat -0.019 
  
Physical activity  
Total physical activity (MET-hr/week)  -0.158* 
Moderate physical activity (MET-hr/week)  -0.108* 
Vigorous physical activity (MET-hr/week)  -0.009 
Partial correlation adjusted for age, ethnicity , sex and education 
* p value ≤ 0.0001 
None of the correlations had a P value >0.0001 and </= 0.05 
 
Although participants generally spent much more time reading or using a 
computer than watching TV, none of the statistically significant associations with 
cardio-metabolic biomarkers that we observed for TV viewing time were 
observed for computer/reading time (Table 4.5 (a) and (b)), leisure time sitting 
(Table 4.6 (a) and (b)) and occupational sitting (Table 4.7 (a) and (b)). In contrast, 
more computer/reading time was associated with lower diastolic blood pressure 
and more occupational sitting time was associated with lower systolic blood 
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Table 4.5 (a) Adjusted mean (and 95%CI) of cardio-metabolic biomarkers by computer/ reading time 
    Computer and reading (hours/day) 
  1st quartile 2nd quartile 3rd quartile 4th quartile 
 ¶ p 
value 
  ≤0.5 >0.5- ≤2 >2-≤7 >7  Median  0 1 4 11  N (%)   923(27.93) 866(26.20) 704(21.30) 812(24.57)   
Systolic blood 








 (124.8, 127.3) † 0.02 






(125.3, 127.8) 0.14 






 (125.3, 127.8) 0.14 
Diastolic blood 
pressure(mmHg) 
Model 1 76.2 (75.5, 76.9) 76.6 (76.0, 77.2) 76.2 (75.5, 76.9) 75.6 (74.9, 76.3) 0.07 
Model 2 76.4 (75.7, 77.1) 76.7 (76.1, 77.3) 76.1 (75.4, 76.8) 75.4 (74.7, 76.1) 0.01 
Model 3 76.4 (75.7, 77.0) 76.8 (76.2, 77.4) 76.2 (75.5, 76.9) 75.3 (74.6, 76.0)* 0.004 
HDL-C (mmol/L) Model 1 1.39 (1.37, 1.41) 1.40(1.38, 1.42) 1.43 (1.40, 1.45)* 1.41 (1.39, 1.43) 0.26 
 Model 2 1.39 (1.37, 1.42) 1.40 (1.38, 1.42) 1.43 (1.40, 1.45) 1.41 (1.38, 1.43) 0.45 
 Model 3 1.39 (1.37, 1.42) 1.40 (1.38, 1.42) 1.42 (1.40, 1.44) 1.41 (1.39, 1.43) 0.26 LDL-C (mmol/L) Model 1 3.30 (3.24, 3.36) 3.27 (3.21, 3.32) 3.21 (3.15, 3.27)* 3.21 (3.15, 3.27) 0.17 
 Model 2 3.30 (3.24, 3.36) 3.26 (3.21, 3.31) 3.21 (3.15, 3.27)* 3.22 (3.16, 3.28) 0.34 
 Model 3 3.29 (3.23, 3.35) 3.26 (3.21, 3.31) 3.22 (3.15, 3.28) 3.22 (3.16, 3.28) 0.35 Cholesterol 
(mmol/L) Model 1 5.30 (5.23, 5.36) 5.29 (5.23, 5.35) 5.26 (5.19, 5.33) 5.22 (5.15, 5.28) 0.23 
 Model 2 5.29 (5.23, 5.36) 5.28 (5.22, 5.34) 5.26 (5.19, 5.33) 5.23 (5.16, 5.30) 0.47 
 Model 3 5.29 (5.22, 5.35) 5.28 (5.22, 5.34) 5.27 (5.20, 5.34) 5.23 (5.16, 5.30) 0.60 Model 1: Adjusted for age, sex, ethnicity, education  Model 2: Model 1 further adjusted for  TV viewing time, employment status,  smoking, alcohol, parental history of diabetes, parental 
history of hypertension 
Model 3: Model 2 further adjusted for potential mediators including total physical activity, BMI,  ratio of polyunsaturated-to-saturated fat 
intake, and intake of total energy, fiber, cholesterol, carbohydrate and protein 
HDL-c, fasting plasma glucose, triglycerides, hsCRP, high-molecular weight adiponectin, total adiponectin,and HOMA-IR were log 
transformed and back transformed . 
*p value ≤ 0.05, †p value ≤ 0.01  
¶p value: p value of linear regression for association of computer/reading time (as a continuous variable) and outcome variables. 
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Table 4.5 (b) Adjusted mean (and 95%CI) of cardio-metabolic biomarkers by computer/ reading time 
    Computer and reading (hours/day) 
  1st quartile 2nd quartile 3rd quartile 4th quartile 
 ¶ p 
value 
  ≤0.5 >0.5- ≤2 >2-≤7 >7  Median  0 1 4 11  N (%)   923(27.93) 866(26.20) 704(21.30) 812(24.57)   
Fasting plasma 
glucose (mmol/L) 
Model 1 4.80 (4.74, 4.85) 4.81 (4.76, 4.86) 4.72 (4.66, 4.78) 4.78 (4.73, 4.84) 0.88 
Model 2 4.80 (4.75, 4.86) 4.81 (4.76, 4.86) 4.72 (4.66, 4.77)* 4.78 (4.72, 4.84) 0.82 
 Model 3 4.79 (4.74, 4.85) 4.81 (4.76, 4.86) 4.73 (4.67, 4.78) 4.78 (4.73, 4.84) 0.99 Triglycerides 
(mmol/L) Model 1 1.10 (1.06, 1.14) 1.10 (1.06, 1.14) 1.11 (1.07, 1.16) 1.06 (1.02, 1.10) 0.17 
 Model 2 1.09 (1.05, 1.13) 1.09 (1.05, 1.13) 1.12 (1.08, 1.16) 1.08 (1.04, 1.12) 0.55 
 Model 3 1.09 (1.05, 1.13) 1.09 (1.05, 1.12) 1.13 (1.09, 1.17) 1.08 (1.04, 1.11) 0.60 hsCRP (mg/L) Model 1 1.11 (1.02, 1.21) 1.04 (0.96, 1.12) 1.03 (0.94, 1.12) 1.04 (0.95, 1.13) 0.45 
 Model 2 1.12 (1.02, 1.22) 1.03 (0.95, 1.11) 1.03 (0.94, 1.12) 1.05 (0.96, 1.14) 0.62 
 Model 3 1.10 (1.01, 1.18) 1.02 (0.95, 1.09) 1.06 (0.98, 1.15) 1.05 (0.96, 1.14) 0.68 High-molecular 
weight adiponectin 
(µg/mL) 
Model 1 1.11 (1.05, 1.17) 1.12 (1.06, 1.18) 1.11 (1.05, 1.18) 1.13 (1.06, 1.19) 0.37 
Model 2 1.10 (1.04, 1.17) 1.13 (1.07, 1.19) 1.11 (1.05, 1.18) 1.12 (1.05, 1.18) 0.59 
Model 3 1.11 (1.05, 1.17) 1.13 (1.08, 1.19) 1.10 (1.04, 1.16) 1.12 (1.06, 1.19) 0.52 
Total  adiponectin 
(µg/mL) 
Model 1 3.36 (3.24, 3.49) 3.38 (3.26, 3.50) 3.33 (3.21, 3.47) 3.40 (3.27, 3.53) 0.31 
Model 2 3.35 (3.23, 3.48) 3.39 (3.28, 3.51) 3.34 (3.21, 3.47) 3.39 (3.26, 3.52) 0.42 
Model 3 3.36 (3.24, 3.48) 3.39 (3.28, 3.51) 3.31 (3.19, 3.44) 3.40 (3.27, 3.53) 0.33 
HOMA-IR Model 1 1.29 (1.23, 1.35) 1.23 (1.17, 1.28) 1.27 (1.21, 1.34) 1.27 (1.21, 1.33) 0.61 
 Model 2 1.29 (1.23, 1.35) 1.22 (1.17, 1.28) 1.27 (1.21, 1.34) 1.28 (1.22, 1.35) 0.37   Model 3 1.28 (1.22, 1.33) 1.22 (1.17, 1.27) 1.30 (1.24, 1.35) 1.27 (1.21, 1.33) 0.44 
Model 1: Adjusted for age, sex, ethnicity, education  Model 2: Model 1 further adjusted for  TV viewing time, employment status,  smoking, alcohol, parental history of diabetes, parental 
history of hypertension 
Model 3: Model 2 further adjusted for potential mediators including total physical activity, BMI,  ratio of polyunsaturated-to-saturated fat 
intake, and intake of total energy, fiber, cholesterol, carbohydrate and protein 
HDL-c, fasting plasma glucose, triglycerides, hsCRP, high-molecular weight adiponectin, total adiponectin,and HOMA-IR were log 
transformed and back transformed . 
*p value ≤ 0.05, †p value ≤ 0.01  
¶p value: p value of linear regression for association of computer/reading time (as a continuous variable) and outcome variables. 
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Table 4.6 (a) Association between leisure time sitting (hours/day)  with metabolic traits 
  1st quartile 2nd quartile 3rd quartile 4th quartile p value 
  <1.70 1.71-2.60 2.61-3.50 >3.5  Median  1.05 2.2 3.06 4.68 
 N (%)   647 (26.07) 753 (30.34) 553 (22.28) 529 (21.31)  
SBP 
(mmHg) 






(123.80, 126.38) 0.90 






(123.85, 126.42) 0.81 






(123.64, 126.12) 0.66 
DBP 
(mmHg) 






(75.10, 76.65) 0.22 






(75.11, 76.65) 0.27 






(74.97, 76.48) 0.07 
#HDL-C 
(mmol/L) 
Model 1 1.39 (1.36, 1.41) 1.39 (1.37, 1.41) 1.38 (1.36, 1.41) 1.37 (1.34, 1.39) 0.20 
Model 2 1.39 (1.37, 1.41) 1.39 (1.37, 1.41) 1.38 (1.36, 1.41) 1.37 (1.34,1.40) 0.23 
Model 3 1.38 (1.36, 1.40) 1.39 (1.37, 1.41) 1.39 (1.37, 1.41) 1.37 (1.35, 1.40) 0.61 
LDL-C 
(mmol/L) 
Model 1 3.20 (3.14, 3.26) 3.21(3.16, 3.27) 3.23 (3.16, 3.29) 3.23 (3.16, 3.29) 0.23 
Model 2 3.20 (3.14, 3.26) 3.22 (3.16, 3.27) 3.23 (3.17, 3.29) 3.22 (3.15, 3.29) 0.29 
Model 3 3.21 (3.15, 3.27) 3.22 (3.17, 3.28) 3.22 (3.16, 3.29) 3.21 (3.14, 3.28) 0.49 
Cholesterol 
(mmol/L) 
Model 1 5.19 (5.12, 5.25) 5.21 (5.15, 5.28) 5.23 (516, 5.30) 5.20 (5.15, 5.29) 0.23 
Model 2 5.19 (5.12, 5.25) 5.22 (5.16, 5.28) 5.23 (5.16, 5.30) 5.21 (514, 5.29) 0.29 
Model 3 5.19 (5.13, 5.26) 5.22 (5.16, 5.28) 5.23 (5.16, 5.30) 5.20 (5.13, 5.27) 0.49 
Model 1: Adjusted for age, gender ,race, education 
    Model 2: Adjusted for occupational sitting time,  age, gender, race, education, employment status, smoking, alcohol, parental history of 
diabetes, parental history of hypertension 
Model 3: model 2 plus further adjusted for total physical activity, BMI, total calorie intake, fiber intake, cholesterol intake, P:S , energy % of 
carbohydrate and protein 
 *p<0.5, **p<0.0001; # log transformed and back transformed; ¥p value: p value of linear regression for association of leisure time sitting (as a 
continuous variable and truncated at 4 SD, 8.61 hours/day) and outcome variables. 
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Table 4.6 (b) Association between leisure time sitting (hours/day)  with metabolic traits 
  1st quartile 2nd quartile 3rd quartile 4th quartile p value 
  <1.70 1.71-2.60 2.61-3.50 >3.5  Median  1.05 2.2 3.06 4.68 
 N (%)   647 (26.07) 753 (30.34) 553 (22.28) 529 (21.31)  
#Fasting plasma 
glucose (mmol/L) 
Model  1 4.76 (4.71, 4.81) 4.75 (4.70, 4.80) 4.80 (4.75, 4.86) 4.75 (4.69, 4.81) 0.96 
Model  2 4.76 (4.70, 4.81) 4.75 (4.70, 4.80) 4.81 (4.75, 4.87) 4.75 (4.69, 4.81) 0.93 
Model  3 4.77 (4.71, 4.82) 4.75 (4.71, 4.80) 4.80 (4.74, 4.86) 4.74 (4.68, 4.80) 0.71 
#Triglycerides 
(mmol/L) 
Model  1 1.07 (1.03, 1.11) 1.09 (1.05, 1.12) 1.09 (1.04, 1.13) 1.12 (1.07, 1.16) 0.07 
Model  2 1.07 (1.03, 1.11) 1.09 (1.05, 1.13) 1.09 (1.05, 1.13) 1.11 (1.06, 1.16) 0.11 
Model  3 1.08 (1.04, 1.12) 1.09 (1.05, 1.13) 1.08 (1.04, 1.13) 1.09 (1.05, 1.14) 0.43 
#hsCRP(mg/L) 
Model  1 0.93 (0.85, 1.01) 0.97 (0.89, 1.05) 
1.08  
(0.98, 1.18)* 1.08 (0.98, 1.19)* 0.07 
Model  2 0.93 (0.85, 1.01) 0.97 (0.89, 1.05) 
1.09  
(0.99, 1.19)* 1.07 (0.96, 1.17)* 0.09 
Model  3 0.96 (0.88, 1.04) 0.99 (0.91, 1.06) 1.07 (0.98, 1.16) 1.02 (0.93, 1.11) 0.53 




Model  1 1.02 (0.96, 1.08) 1.09 (1.03, 1.15) 1.05 (0.98, 1.12) 1.04 (0.97, 1.11) 0.80 
Model  2 1.03 (0.97, 1.09) 1.09 (1.03, 1.15) 1.04 (0.98, 1.10) 1.05 (0.98, 1.11) 0.77 





Model  1 3.19 (3.07, 3.31) 3.30 (3.18, 3.42) 3.23 (3.10, 3.37) 3.22 (3.08, 3.36) 0.94 
Model  2 3.20 (3.08, 3.32) 3.30 (3.18, 3.41) 3.21 (3.08, 3.35) 3.24 (3.10, 3.37) 0.93 
Model  3 3.17 (3.05, 3.28) 3.28 (3.17, 3.39) 3.24 (3.11, 3.37) 3.28 (3.14, 3.41) 0.37 
#HOMA-IR Model  1 1.21 (1.14, 1.27) 1.22 (1.16, 1.28) 1.26 (1.19, 1.33) 1.26 (1.19, 1.33) 0.26 
 Model  2 1.20 (1.14, 1.26) 1.22 (1.16, 1.28) 1.27 (1.20, 1.34) 1.26 (1.19, 1.33) 0.21   Model  3 1.23 (1.17, 1.28) 1.23 (1.18, 1.28) 1.25 (1.19, 1.31) 1.23 (1.17, 1.29) 0.93 
Model 1: Adjusted for age, gender, race, education 
    Model 2: Adjusted for occupational sitting time, age, gender, race, education, employment status, smoking, alcohol, parental history of 
diabetes, parental history of hypertension 
Model 3: model 2 plus further adjusted for total physical activity, BMI, total calorie intake, fiber intake, cholesterol intake, P:S , energy % of 
carbohydrate and protein 
 *p<0.5, **p<0.0001; # log transformed and back transformed; ¥p value: p value of linear regression for association of leisure time sitting (as a 
continuous variable and truncated at 4 SD, 8.61 hours/day) and outcome variables. 
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Table 4.7 (a) Association between occupational sitting (hours/day)  with metabolic traits 
  1st quartile 2nd quartile 3rd quartile 4th quartile  ¥p 
value 
  
  <1.30 hours 1.30-3.00 hours 3.01-5.00 hours >5 hours Median 0.54 2.15 4.17 6.55 
N (%)   622 (25.06) 634 (25..54) 706 (28.44) 530 (20.95) 
SBP (mmHg) 






(123.36, 125.98) 0.19 






(123.28, 125.89) 0.13 






(123.21, 125.90) 0.23 
DBP(mmHg) 






(75.77, 77.34) 0.85 






(75.73, 77.29) 0.97 






(75.41, 77.05) 0.47 
#HDL-C 
(mmol/L) 
Model 1 1.40 (1.37, 1.43) 1.38 (1.36, 1.41) 1.38 (1.36, 1.40) 1.37 (1.35, 1.40) 0.08 
Model 2 1.40 (1.38, 1.43) 1.38 (1.36, 1.41) 1.38 (1.35, 1.40) 1.37 (1.35, 1.40) 0.06 
Model 3 1.39 (1.36, 1.42) 1.38 (1.36, 1.41) 1.38 (1.36, 1.40) 1.38 (1.35, 1.41) 0.38 
LDL-C 
(mmol/L) 
Model 1 3.19 (3.13, 3.26) 3.22 (3.16, 3.28) 3.20 (3.14, 3.26) 3.27 (3.20, 3.33) 0.22 
Model 2 3.19 (3.13, 3.26) 3.21 (3.15, 3.28) 3.20 (3.14, 3.26) 3.27 (3.20, 3.33) 0.20 
Model 3 3.19 (3.13, 3.26) 3.21 (3.15, 3.27) 3.20 (3.14, 3.26) 3.26 (3.19, 3.33) 0.29 
Cholesterol 
(mmol/L) 
Model 1 5.20 (5.13, 5.28) 5.21 (5.15, 5.28) 5.19 (5.12, 5.25) 5.25 (5.18, 5.33) 0.61 
Model 2 5.20 (5.13, 5.27) 5.21 (5.14, 5.28) 5.19 (5.12, 5.25) 5.25 (5.18, 5.33) 0.55 
Model 3 5.19 (5.11, 5.27) 5.21 (5.14, 5.27) 5.20 (5.13, 5.26) 5.27 (5.19, 5.35) 0.32 
*p<0.5, **p<0.0001; ¥p value: p value of linear regression for association of occupational sitting time (as a continuous variable and truncated 
at 4SD, 13 hours/day) and outcome variables. # log transformed and back transformed 
Model 1: Adjusted for age, gender, race, education 
Model 2: Adjusted for leisure time sitting,  age, gender, race, education, employment status, smoking, alcohol, parental history of diabetes, 
parental history of hypertension 
Model 3: model 2 plus further adjusted for total physical activity, BMI, total calorie intake, fiber intake, cholesterol intake, P:S , energy % of 
carbohydrate and protein 
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Table 4.7 (b) Association between occupational sitting (hours/day)  with metabolic traits 
  1st quartile 2nd quartile 3rd quartile 4th quartile  ¥p value 
    
<1.30 hours 1.30-3.00 hours 3.01-5.00 hours >5 hours 
Median 0.54 2.15 4.17 6.55 
N (%)   622 (25.06) 634 (25..54) 706 (28.44) 530 (20.95) 
# Fasting plasma 
glucose (mmol/L) 
Model  1 4.76 (4.70, 4.82) 4.75 (4.70, 4.81) 4.77 (4.71, 4.82) 4.78 (4.72, 4.84) 0.32 
Model  2 4.76 (4.70, 4.82) 4.75 (4.70, 4.81) 4.77 (4.71, 4.82) 4.78 (4.72, 4.83) 0.35 
Model  3 4.77 (4.71, 4.83) 4.75 (4.70, 4.80) 4.76 (4.71, 4.82) 4.78 (4.72, 4.84) 0.34 
#Triglycerides 
(mmol/L) 
Model  1 1.07 (1.03, 1.11) 1.10 (1.05. 1.14) 1.09 (1.05, 1.13) 1.09 (1.05, 1.14) 0.58 
Model  2 1.07 (1.02, 1.11) 1.10 (1.05, 1.14) 1.09 (1.05, 1.13) 1.09 (1.05, 1.14) 0.48 
Model  3 1.06 (1.02, 1.11) 1.09 (1.05, 1.13) 1.09 (1.05, 1.13) 1.10 (1.05, 1.15) 0.28 
#hs-CRP(mg/L) 
Model  1 0.94 (0.85, 1.03) 1.02 (0.93, 1.11) 1.04 (0.95, 1.12) 1.03 (0.92, 1.13) 0.33 
Model  2 0.94 (0.85, 1.03) 1.03 (0.93, 1.12) 1.04 (0.95, 1.13) 1.03 (0.92, 1.13) 0.29 




Model  1 1.10 (1.03, 1.17) 1.05 (0.99, 1.12) 1.05 (0.99, 1.11) 0.99 (0.93, 1.06) 0.02 
Model  2 1.11 (1.04, 1.18) 1.05 (0.99, 1.11) 1.05 (0.99, 1.11) 1.00 (0.93, 1.06)* 0.02 




Model  1 3.34 (3.20, 3.49) 3.23 (3.10, 3.36) 3.26 (3.14, 3.38) 3.11 (2.97, 3.24)* 0.02 
Model  2 3.35 (3.21, 3.49) 3.22 (3.09, 3.35) 3.26 (3.13, 3.38) 3.11 (2.97, 3.24)* 0.02 
Model  3 3.30 (3.16, 3.45) 3.22 (3.10, 3.34) 3.27 (3.15, 3.40) 3.14 (3.00, 3.28) 0.13 
#HOMA-IR 
Model  1 1.19 (1.12, 1.26) 1.23 (1.16, 1.29) 1.25 (1.19, 1.31) 1.27 (1.19, 1.34) 0.053 
Model  2 1.19 (1.13, 1.26) 1.23 (1.17, 1.29) 1.24 (1.18, 1.31) 1.26 (1.19, 1.34) 0.06 
Model  3 1.22 (1.16, 1.28) 1.23 (1.18, 1.29) 1.24 (1.18, 1.29) 1.25 (1.18, 1.31) 0.22 
*p<0.5, **p<0.0001; ¥p value: p value of linear regression for association of occupational sitting time (as a continuous variable and truncated 
at 4SD, 13 hours/day) and outcome variables. # log transformed and back transformed 
Model 1: Adjusted for age, gender, race, education 
    Model 2: Adjusted for leisure time sitting,  age, gender, race, education, employment status, smoking, alcohol, parental history of diabetes, 
parental history of hypertension 
Model 3: model 2 plus further adjusted for total physical activity, BMI, total calorie intake, fiber intake, cholesterol intake, P:S , energy % of 
carbohydrate and protein 
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Because BMI and diet were appeared to be important mediators of the association 
between TV viewing and cardio-metabolic risk factors, we carried out path 
analysis to better clarify the roles of specific mediators that may be involved.  
This is shown in Figure 4.1 for the association between TV viewing time and 
HOMA-IR. The fit statistics suggested that the model had a good fit (NFI: 0.99, 
CFI: 0.99, RMSEA: 0.05). TV viewing time may have a direct (independent) 
effect on HOMA-IR as well as indirect effects acting through BMI and fiber 
intake. Of the association between TV viewing time and HOMA-IR, 41.3% was 
direct, 52.0% was accounted for by BMI and 5.3% was accounted for by lower 
fiber intake. Other mediators including total physical activity did not substantially 
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Figure 4.1 Contribution of potential mediators to the association of TV viewing 
time and HOMA-IR 
Standardized path coefficients are labelled on each path. The dotted arrows 
represent non-significant paths. Covariates including age, sex, ethnicity, education 
and total physical activity are not shown. 
 
Figure 4.2 shows the joint effect of TV viewing time and vigorous activity in 
relation to HOMA-IR after multivariable adjustment for the same potential 
confounders as in model 2 in Table 4.3 (b). Participants with no vigorous activity 
who watched TV for 3 hours or more per day had the highest mean HOMA-IR 
score (1.43; 95% CI 1.35-1.53), whereas those with the highest vigorous activity 
(>5.25 MET-hr/week) and the least TV viewing time (<1hr/day) had the lowest 
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Figure 4.2 Adjusted mean of the HOMA -IR by categories of TV viewing time 
and vigorous activity 
 
Estimates were adjusted for age, sex, ethnicity, education, reading time, computer time, 
employment status, cigarette smoking, alcohol use, and parental history of diabetes and 
hypertension. As compared with the category with the least TV viewing time (<1 
hour/day) and the largest amount of vigorous activity (>5.25 MET-hour/week) all 
categories had significantly higher HOMA-IR values (P<0.05)  except the category of 
having TV viewing time <1 hour/day and vigorous activity ≤3.5 MET-hour/week, the 
category of having TV viewing time <1 hour/day and vigorous activity >3.5-≤5.25 MET-












Our study confirms the association between TV viewing time and cardio-
metabolic biomarkers independent of physical activity and dietary intake and 
these associations were mostly mediated through BMI.  As we mentioned earlier, 
TV viewing time may be more than just being sedentary as we did not find 
association between other types of sedentary behavior and cardio-metabolic 
biomarkers.  
Since time spent on the other types of sedentary behavior (computer/reading time, 
leisure time sitting and occupational sitting) were longer than TV viewing time, 
these behaviors were more likely to displace physical activity than TV viewing 
time. However, these variables might explain only a small reduction in the 
amount of physical activity and physical activity contributed smaller effect to 
cardiovascular risk factors. Hence, the association between time spent on other 
types of sedentary behavior and CVD risk factors might even have smaller effect. 
Even though larger part of the association between TV viewing time and HOMA-
IR was explained by BMI and diet, there was still a significant proportion that 
could not be explained by these factors. It may be due to unhealthy eating during 
TV viewing time or lack of sleep which we couldn’t control for in this study. 
Future research should explore these factors in the association of TV viewing time 
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Chapter 5: Association of TV viewing time with 




In the previous study, we found that the association between TV viewing time and 
cardio-metabolic markers was mostly mediated through BMI. However, even 
after adjustment for BMI, an independent association with insulin resistance was 
observed.  BMI is an imprecise measure of adiposity.  BMI does not allow us to 
differentiate between lean mass and fat mass, each of which could be affected by 
sedentary behaviors and may have independent effects on insulin resistance and 
CVDs risk.  BMI also does not allow an assessment of regional fat distribution.  
Specifically, it does not allow an assessment of visceral fat, which is thought to 
have more detrimental effects on insulin resistance and the risk of CVDs.  As 
such, BMI may not fully capture the effects of TV viewing on obesity.  If so, it is 
possible that the association between TV viewing time and insulin resistance  that 
appears to be independent of BMI could actually represent residual effects of TV 
viewing time on obesity that are not accounted for by BMI.   
At the time this study was conducted, there were only 2 studies that assessed the 
association of sedentary behavior with coronary artery calcification and the results 
were not consistent (189, 190). In addition, these studies did not specifically 
examine the effect of TV viewing time, which may be different from other type of 
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sedentary behavior and more detrimental for health as found in our previous 
study. 
Thus, the aims of this study were: 
1)  To determine the association between TV viewing time and body 
composition, particularly lean mass versus fat mass and the distribution of body 
fat between the subcutaneous and visceral fat compartments. 
2)  To determine the association between TV viewing time and subclinical 
atherosclerosis. We also sought to determine if these associations were 
independent of measures of physical activity and if these associations were 
mediated through body fatness and conventional cardiovascular risk factors. 
5.2 Methods 
5.2.1 Study design and study population 
This analysis was based on cross sectional data of 398 participants who 
participated in a follow-up study of the Singapore prospective study (185).  From 
the participants of the follow-up study, the first 808 participants who met the 
eligibility criteria (aged above 50 years old, who did not have a history of heart 
failure, heart attack, stroke, kidney failure, cancer, and were not treated with high-
dose steroids) were invited to participate in this study.  The flowchart of 
participants included for the analysis is shown in Figure 5.1. Of the 808, 2 refused 
and 1 was unable to undergo the computed tomography (CT) scan due to asthma 
and a high heart rate before the scan was done.  The participants who agreed to 
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participate were then invited to undergo the interview and health examination 
including CT scan on different days. Of the 805 who underwent coronary CT 
scan, 788 completed the questionnaire and 801 provided blood samples. A total of 
784 participants had completed the questionnaire, provided blood samples and 
undergone coronary CT scan. Out of 784, 593 participants also had abdominal CT 
scans, all of whom were Chinese. The reason for the difference in this number is 
that the abdominal CT scans were carried out as part of a separate grant that was 
funded only after the initial study was initiated.  As such, only a subset of the 
participants had abdominal scans.  From these 593, we excluded individuals who 
had extreme values for calorie intake which were above or below the 3 standard 
deviations (SD) from the mean intake by gender (N=10), extremely high 
triglycerides level (>12.4 mmol/L) (N=1), participants from the same household 
(N=33) and participants with missing subcutaneous adipose tissue (SAT) 
measurements as the sides of abdominal wall were not fully captured (N=4). We 
also excluded participants with known diabetes (N=60), coronary artery disease 
(N=2), and on lipid medication (N=150) to avoid recall bias resulting from 
differential recall in patients who have been advised to change their physical 
activity pattern for their medical conditions. Participants could be excluded for 
one or more reasons. A total of 398 participants were included in the analysis. 
Ethics approval was obtained from 2 institutional review boards (the National 
University of Singapore and the Singapore General Hospital). Written informed 
consent was obtained from all participants before the study was conducted. 
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808 recruited              
2 Refused 805 underwent coronary 
CTscan
1 was not able to undergo coronary 
CTscan due to asthma and high 
heart rate before the scan was done                
784 completed interview, given blood 
samples and  underwent coronary CT 
scan
801 given blood samples788 completed interview
Exclusion (N=195)
The participants may be excluded for one or more reasons. 
Hence the following numbers did not add up to the final 
number (N=195)
 Extreme calorie intake (N=10)
Extremely high triglycerides level (N=1)
Participants from the same household (N=33)
Cannot measured SATas the sides of abdominal 
wall were not fully captured (N=4)
Known diabetes (N=60)
Coronary artery disease (N=2)
On lipid medication (N=150) 
593 had abdominal CT 
scans
398 included in the 
analysis
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5.2.2 Assessment of TV viewing time 
TV viewing time was assessed by asking participants “Please estimate the total 
time during the last week that you spent watching TV or video” and it was 
recorded in hours, separately for weekdays and weekends and average hours of 
TV viewing time per day were calculated.  
5.2.3 Assessment of coronary artery calcium 
Coronary artery calcium (CAC) was assessed by a 64-slicer multi-detector GE 
Light Speed volume CT (GE Medical Systems, Milwaukee, Wisconsin). The total 
CAC score  was calculated according to the Agatston-Janowitz 130 score (191). 
5.2.4 Assessment of body composition and distribution of abdominal fat 
Fat mass (FM), lean mass (LM) and total body fat percent (%BF) were assessed 
by dual-energy x-ray absorptiometry (DXA) imaging (Discovery Wi; Hologic, 
Bedford, MA and software Hologic Apex 3.01) using a medium speed total body 
acquisition mode. We used  fat mass index (FMI) and lean mass index (LMI) as 
proposed by Vanltaiie et al because similar to BMI these indexes are independent 
of height and thus easier to interpret body composition data (192). FMI and LMI 
were calculated by dividing FM (kg) and LM (kg) by the square of height (m2) 
respectively.  
CT scans of the abdomen were carried out to measure the abdominal adipose 
tissues. A single observer identified inter-vertebral space L2/L3 and L4/L5 levels 
by efilm work station version 4.0 (Hartland, USA). Area of subcutaneous adipose 
tissue (SAT) and visceral adipose tissue (VAT) at L2/L3 and L4/L5 levels were 
measured by sliceOmatic version 5.0 (Tomovision, Magog, Canada) using 
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attenuation range of -190 to -30 Hounsfield units. VAT was defined as adipose 
tissue inside the abdominal muscular wall and SAT as adipose tissue outside the 
abdominal muscular wall (193). Each image was analyzed by two independent 
readers and the mean of the two readings was taken as a final measurement. 
Average inter-observer coefficient of variations for SAT at L2/L3 and L4/L5 were 
2.34% and 1.80% and for VAT at L2/L3 and L4/L5 were 3.22% and 3.13% 
respectively. In this study, we presented SAT and VAT at L2/L3 because VAT at 
L2/L3 was shown to be the best level to estimate the total VAT volume and better 
correlated with cardiovascular risk factors than VAT at L4/L5 in Asian Chinese 
(194). 
5.2.5 Assessment of risk factors 
Two readings of blood pressure were taken from participants using digital blood 
pressure monitor (Dinamap Pro100V2) and mean value of the two readings was 
calculated. If the difference between two readings was greater than 10mmHg for 
systolic blood pressure (SBP) and/or greater than 5mmHg for diastolic blood 
pressure (DBP), a third reading was taken and mean value of the second and the 
third readings was calculated. 
For blood tests, participants were informed to fast overnight for at least 10 hours. 
Venous blood was drawn and collected in plain, EDTA, and fluoride oxalate 
tubes. Blood tubes were left to stand for 30 minutes at room temperature before 
storing them at 4°C. The samples were sent to Singapore general hospital 
laboratory for analysis where serum is tested for creatinine, glucose, total 
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cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein 
cholesterol (LDL-C) and triglycerides (TG) using a chemistry analyzer (Beckman 
Coulter Unicel DxC 800). Glycated hemoglobin A1C (HbA1c) levels were 
measured using immunoassay (Roche Cobas c501). 
We calculated the ratio of triglyceride to HDL-C (TG/HDL-C), which we 
considered as a risk factor for coronary artery disease as well as a surrogate 
marker for insulin resistance (195, 196). 
5.2.6 Assessment of covariates 
Demographic, physical activity, dietary intake, medical history and other lifestyle 
factors were assessed by an interviewer-administered questionnaire.  
Dietary intake was assessed by a semi-quantitative 169-item validated food 
frequency questionnaire that was also used in the National Nutrition Surveys 
(186). The percentages of energy intake derived from carbohydrate and protein 
were calculated by dividing the calories from the macronutrient with total calorie 
intake. 
Physical activity was assessed by a validated physical activity questionnaire that 
covered transportation, leisure time, occupation and household activities (187). 
The questionnaire had been validated with accelerometer in Singapore population 
and had reasonable validity and reliability (187). The detailed method of assessing 
physical activity was described elsewhere (187, 197) . Briefly, the participants 
reported the type, frequency and duration of various activities in the 
transportation, occupation, leisure time, and household domain. Transportation 
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activities included walking and cycling; occupational activity included light, 
moderate and vigorous occupational activity; leisure time activities included 48 
specific activities; household activities included 15 specific activities; and for 
leisure and household activities the questionnaire also included open-ended 
questions. A metabolic equivalent of task (MET) value was assigned to each type 
of reported activity according to the 2011 compendium of physical activity (16, 
198). Physical activity level per week for each activity was calculated as 
frequency per week x duration in hours per day x intensity (METs) allowing 
physical activity to be quantified as MET-hour/week. 
5.2.7 Definitions 
Hypertension was defined as a systolic blood pressure greater than 140 mm Hg or 
a diastolic blood pressure greater than 90 mm Hg or a history of hypertension or 
current use of antihypertensive medications. 
For subclinical atherosclerosis, we used the cutoff value of 100 and above CAC 
score which has been shown to be associated with intermediate to high risk for 
coronary heart disease events (199-201) and it was also used in other studies to 
define subclinical atherosclerosis (202-204)  
Activities between 1.6 to 2.9 METs were classified as light-intensity; those 
between 3 to 5.9 METs were classified as moderate-intensity and those ≥6 METs 
were classified as vigorous-intensity (16). 
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5.2.8 Statistical analysis 
Previous studies have shown that the association between TV viewing time and 
CVD risk factors was different between men and women (82, 205, 206). Hence, 
we first tested for effect modification of the association by gender by including 
the interaction term gender x TV viewing time in the models and the significance 
was assessed by Wald test. There was significant interaction between TV viewing 
time and gender for subclinical atherosclerosis (p value=0.03). Hence, we 
stratified all the analysis by gender.  
For table 5.1(a) and (b), we calculated proportions for categorical variables by the 
status of subclinical atherosclerosis. Pearson’s chi-square test and Fisher’s exact 
test were used to compare proportions between the groups where appropriate. For 
continuous variables that were normally distributed, we summarized them with 
the means and standard deviations, and student’s t-test was used to compare the 
difference between the groups. For those that were not normally distributed, we 
calculated the medians and inter-quartile ranges, and Wilcoxon rank-sum test was 
used to assess the difference between the groups. For table 5.2, Spearman rank 
partial correlations between TV viewing time/physical activities with measures of 
body composition were calculated. Average TV viewing time was adjusted for 
age, light, moderate and vigorous physical activities. Light , moderate and  
vigorous physical activities were adjusted for age, average TV viewing time, and 
other corresponding levels of intensity of physical activities ( for instance, for 
light activity, moderate and vigorous activity were adjusted) except total level of 
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physical activity. Total physical activity was adjusted for age and average TV 
viewing time. For table 5.3 (a) and (b), multiple logistic regression analysis was 
used to assess the association between TV viewing time and subclinical 
atherosclerosis and data were presented in odds ratio (OR) and 95% confidence 
interval (CI). The crude association between TV viewing time and subclinical 
atherosclerosis was assessed in model 1.  Model 2 was adjusted for light, 
moderate and vigorous physical activities. Model 3 was adjusted for the variables 
in model 2 plus age, cigarette smoking (never smoker and ever smoker), current 
alcohol drinking (yes/no), occupational sitting time (hours/day) and employment 
status (yes /no), and model 4 was adjusted for the variables in model 3 plus 
dietary intake (total calorie intake, polyunsaturated/saturated fat, protein, 
carbohydrate and fibre intake). Model 5 was further adjusted for VAT and SAT to 
examine if these were the mediators for the observed associations. Additional 
adjustment for hypertension (yes /no), HbA1c, TG/HDL-C, and LDL-C was 
performed in model 6 to assess the potential mediation effect of these biomarkers.  
P-values <0.05 were considered statistically significant in all analysis. 
5.3 Results 
Table 5.1(a) and (b) show the characteristics of participants according to 
subclinical atherosclerosis status in men and women. 20.8% of men and 9.2% of 
women had subclinical atherosclerosis. Those who had subclinical atherosclerosis 
were older and had higher level of HbA1c in both men and women. They also had 
longer hours of TV viewing time and higher levels of TG/HDL-C and VAT in 
men and were more likely to have hypertension in women. 
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The partial correlations of physical activity and TV viewing time with body 
composition and abdominal fat are presented in table 5.2. In men, TV viewing 
time was significantly correlated with FMI, %BF, SAT and VAT.  Moderate, 
vigorous and total physical activity was positively correlated with LMI. In 
addition, total physical activities were negatively correlated with %BF. In women, 
only vigorous physical activity was negatively correlated with %BF and total 
physical activity was positively associated with LMI. The correlations of TV 
viewing time with body composition and abdominal fat were not significant in 
women. Correlations of TV viewing time and physical activity with SAT and 
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Table 5.1 (a) Characteristics of the study population by subclinical 
atherosclerosis status in men 
  Subclinical atherosclerosis 
  No Yes p value 
N (%) 152 (79.17) 40 (20.83)   
Age, years (mean ±SD) 57.16 ± 5.52 60.95 ± 7.33 <0.01 
Highest level of education (N, %)       None/ primary 33 (21.71) 12 (30.00) 0.73 
   Secondary 60 (39.47) 15 (37.50) 
    Technical school 32 (21.05) 7 (17.50) 
    University 27 (17.76) 6 (15.00) 
 Employed (N, %) 128 (84.21) 30 (75.00) 0.18 
Smoking (N, %) 
   Never smoker 80 (52.63) 20 (50.00) 0.77 
Ever smoker  72 (47.37) 20 (50.00) 
     Hypertension (history or newly 
diagnosed)  
(N, %) 74 (48.68) 22 (55.00) 0.48 
Current alcohol drinking (N, %) 44 (28.95) 11 (27.50) 0.86 
    Average TV viewing time  
(hours/day) (mean ±SD) 
2.01 ±1.22 2.53 ±1.67 0.03 
Average occupational sitting time   
( hours/day) (median, IQR) 0 (0, 2.63) 0 (0, 2.32) 0.30 
Light physical activity level   
(MET-hour/week)   (median, IQR) 
49.20                    
(13.87, 84.26) 
34.33                            
(19.09,72.46) 0.41 
Moderate physical activity level  
(MET-hour/week)    (median, IQR) 
15.75              
(5.34, 47.75) 
28.82                       
(10.33, 60.33) 0.13 
Vigorous physical activity level   
(MET-hour/week)    (median, IQR) 0 (0, 9.00) 0 (0, 0) 0.10 
Total physical activity level   
(MET-hour/week)   (median, IQR) 
104.39               
(57.15, 139.07) 
94.98              
(64.17, 141.83) 0.95 
    HbA1c (%) (mean ±SD) 5.63 ± 0.49 6.15 ± 1.28 <0.01 
TG/HDL (median, IQR) 0.86 (0.57, 1.37) 1.45 (0.83, 2.07) <0.01 
LDL-C measured (mmol/L) (mean 
±SD) 3.67 ± 0.85 3.88 ± 0.77 0.15 
Fat mass index (kg/m²) (mean ±SD) 6.69 ± 1.79 7.11 ± 2.06 0.20 
Lean mass index (kg/m²) (mean ±SD) 16.95 ± 1.84 17.25 ± 1.84 0.36 
Total Body % Fat (mean ±SD) 27.9 ± 4.71 28.73 ± 5.09 0.33 
SAT at L2/L3 (cm²) (mean ±SD) 91.36 ± 42.46 93.90 ± 42.05 0.74 
VAT at L2/L3 (cm²) (mean ±SD) 130.44 ± 66.42 156.73 ± 71.27 0.03 
TG=triglycerides; HDL-C=High density lipoprotein cholesterol; LDL-C= Low density 
lipoprotein cholesterol; HbA1c= glycated haemoglobin A1C; SAT= subcutaneous adipose 
tissue; VAT= visceral adipose tissue 
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Table 5.1 (b) Characteristics of the study population by subclinical 
atherosclerosis status in women 
  Subclinical atherosclerosis  
  No Yes p value 
N (%) 187 (90.78) 19 (9.22)   
Age, years (mean ±SD) 56.58 ± 5.57 60.21 ± 7.08 <0.01 
Highest level of education (N, %) 
      None/ primary 49 (26.20) 6 (31.58) 0.56¥ 
   Secondary 95 (50.80) 11 (57.89) 
    Technical school 33 (17.65) 1 (5.26) 
    University 10 (5.35) 1 (5.26) 
 Employed (N, %) 100 (53.48) 12 (63.16) 0.42 
Smoking (N, %) 
   Never smoker 173 (92.51) 18 (94.74) 1.00¥ 
Ever smoker  14 (7.49) 1 (5.26) 
     Hypertension (history or newly 
diagnosed)(N,%) 79 (42.25) 13 (68.42) 0.03 
Current alcohol drinking (N, %) 16 (8.56) 0 (0) 0.37¥ 
    Average TV viewing time 
(hours/day) (mean ±SD) 
2.50 ±1.65 2.12 ±1.38 0.33 
Average occupational sitting time   
( hours/day) (median, IQR) 0 (0, 0.36) 0 (0, 0.39) 0.91 
Light physical activity level 





Moderate physical activity level 





Vigorous physical activity level  
(MET-hour/week)    (median, IQR) 0 (0, 0.63) 0 (0, 0) 0.42 
Total physical activity level  




 (59.25, 133.10) 0.84 
    HBA1c (%) (mean ±SD) 5.69 ± 0.55 6.02 ± 0.93 0.02 
TG/HDL-C (median, IQR) 0.62 (0.40, 0.94) 0.82 (0.50, 1.34) 0.26 
LDL-C measured (mmol/L) (mean 
±SD) 3.84 ± 0.84 3.83 ± 1.05 0.93 
Fat mass index (kg/m²) (mean ±SD) 9.02 ± 2.13 9.90 ± 2.54 0.09 
Lean mass index (kg/m²) (mean ±SD) 13.74 ± 1.39 14.39 ± 1.55 0.06 
Total Body % Fat (mean ±SD) 39.18 ± 4.65 40.23 ± 4.40 0.35 
SAT at L2/L3 (cm²) (mean ±SD) 129.22 ± 48.73 136.92 ± 41.51 0.51 
VAT at L2/L3 (cm²) (mean ±SD) 80.14 ± 46.50 97.60 ± 51.56 0.12 
¥ Fisher exact test 
   TG=triglycerides; HDL-C=High density lipoprotein cholesterol; LDL-C= Low density 
lipoprotein cholesterol; HbA1c= glycated haemoglobin A1C; SAT= subcutaneous adipose 
tissue; VAT= visceral adipose tissue 
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Table 5.2 Partial correlation of TV viewing time and physical activity with body 
composition 










  Average TV viewing time 
(hours/day) 0.15 (0.04) 0.02 (0.75) 0.16 (0.02) 0.15 (0.03) 0.15 (0.04) 
   
  
  Light physical activity 
level   (10MET-hour/week) 0.02 (0.83) 0.11 (0.12) -0.01 (0.93) 0.004 (0.96) 0.08 (0.27) 
   
  
  Moderate physical activity 
level (10MET-hour/week) -0.002 (0.98) 0.24 (0.001) -0.07 (0.31) 0.01 (0.87) 0.07 (0.35) 
   
  
  Vigorous physical activity 
level (10MET-hour/week) 0.03 (0.66) 0.21 (0.003) -0.07 (0.35) -0.03 (0.70) -0.01 (0.90) 
   
  
  Total physical activity 
level (10MET-hour/week) -0.08 (0.28) 0.22 (0.002) -0.19 (0.008) -0.10 (0.18) -0.02 (0.74) 
   
  
  Women (N=206) 
  
  
  Average TV viewing time 
(hours/day) 0.11 (0.14) 0.10 (0.16) 0.12 (0.10) 0.07 (0.35) 0.12 (0.10) 
   
  
  Light physical activity 
level   (10MET-hour/week) 0.02 (0.73) 0.13 (0.07) -0.02 (0.73) 0.06 (0.44) 0.09 (0.23) 
   
  
  Moderate physical activity 
level      (10MET-
hour/week) -0.04 (0.54) 0.06 (0.42) -0.11 (0.11) -0.09 (0.22) -0.01 (0.91) 
   
  
  Vigorous physical activity 
level    (10MET-
hour/week) -0.09 (0.19) 0.05 (0.50) -0.16 (0.02) -0.12 (0.09) -0.09 (0.22) 
   
  
  Total physical activity 
level      (10MET-
hour/week) 0.04 (0.59) 0.16 (0.02) -0.06 (0.36) 0.06 (0.39) 0.08(0.24) 
Partial spearman correlation reported and p value in the bracket 
  Average TV viewing time was adjusted for age, and light to vigorous physical activities. 
Light to Vigorous physical activities were adjusted for age, average TV viewing time, 
and other corresponding levels of physical activities  
Total Physical activity was adjusted for age and average TV/video viewing time? 
 FMI=Fat mass index, LMI=Lean mass index, %BF= % Body fat, SAT= subcutaneous adipose tissue 
VAT= visceral adipose tissue, L2/L3 = inter-vertebral space at L2/L3 
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Table 5.3 (a) and (b) show the association of TV viewing time with subclinical 
atherosclerosis. Higher TV viewing time was significantly associated with risk of 
subclinical atherosclerosis in men (OR: 1.31, 95%CI: 1.02-1.68) but not in 
women (OR: 0.85, 95%CI: 0.61-1.18).  Adjusting for physical activities in model 
2, socio-demographic and lifestyle factors in model 3 and model 4 did not affect 
the observed association. Additional adjustment for VAT and SAT in model 5 
also did not alter the association in both men (OR: 1.38, 95% CI: 1.00-1.90) and 
women (OR: 0.83, 95% CI: 0.54-1.30). Further adjustment for biological 
mediators in model 6 affect also failed to affect the observed association and TV 
viewing time was independently associated with subclinical atherosclerosis in 
men (OR: 1.45, 95% CI: 1.04-2.02) and not in women (OR: 0.85, 95% CI: 0.52-
1.37) after adjusting for all potential confounder and mediators.  In addition to TV 
viewing time, age (OR: 1.12, 95% CI: 1.04-1.21) and HbA1c (OR: 2.91, 95% CI: 
1.28-6.66) were independent predictors for subclinical atherosclerosis in men but 
age (OR: 1.16, 95% CI: 1.04-1.31), was the only independent predictor in women. 
The association of HbA1c and subclinical atherosclerosis was borderline 
significant (OR: 2.17, 95% CI: 0.98-4.85, p value=0.06) in women.  
5.4 Summary 
In summary, TV viewing time was associated with greater adiposity and higher 
subcutaneous and visceral fat in men. TV viewing time was also associated with 
subclinical atherosclerosis in men and the potential mechanisms underlying this 
association require further investigation. 
Page 124 of 233 
 
Table 5.3 (a) Association of physical activity, sedentary and subclinical atherosclerosis in men 
  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
  OR  95% CI OR  95% CI OR  95% CI OR  95% CI OR  95% CI OR  95% CI 
Average TV/video viewing 
time (per hours/day)  1.31* 1.02 1.68 1.32* 1.02 1.70 1.35* 1.01 1.81 1.41* 1.03 1.93 1.38* 1.00 1.90 1.45* 1.04 2.02 
Light PA level  
( per 10-MET-hr/week)    
   
0.99 0.90 1.08 1.03 0.91 1.16 1.00 0.88 1.14 0.99 0.87 1.13 0.99 0.86 1.14 
Moderate PA level                               
(per 10-MET-hr/week)    
   
1.03 0.97 1.09 1.06 0.98 1.15 1.05 0.97 1.14 1.05 0.97 1.14 1.04 0.95 1.14 
Vigorous PA level  
(per 10-MET-hr/week)    
   
1.00 0.93 1.07 1.02 0.95 1.10 1.03 0.95 1.10 1.03 0.95 1.11 1.04 0.96 1.12 
Age 
      
1.12* 1.04 1.20 1.12* 1.04 1.20 1.11* 1.03 1.19 1.12* 1.04 1.21 
Ever smoker  
      
0.95 0.44 2.04 0.82 0.37 1.83 0.83 0.37 1.85 0.74 0.31 1.76 
Current alcohol drinking 
      
1.14 0.50 2.64 0.97 0.38 2.48 1.01 0.39 2.59 1.54 0.56 4.25 
Employed 
      
0.78 0.19 3.18 0.67 0.16 2.88 0.73 0.17 3.20 0.68 0.14 3.28 
Average occupational 
sitting time ( per hours/day) 
      
1.12 0.90 1.39 1.11 0.89 1.39 1.10 0.88 1.38 1.13 0.87 1.45 
Total calorie intake  
(per 100 kcal/d)  
         
0.96 0.91 1.02 0.97 0.91 1.02 0.96 0.90 1.02 
Polyunsaturated: saturated 
ratio of fat 
         
0.35 0.01 10.70 0.33 0.01 10.00 0.44 0.01 18.67 
Protein Intake  
(per 5 energy %) 
         
0.41 0.13 1.23 0.45 0.14 1.43 0.48 0.13 1.73 
Carbohydrate intake  
(per 5 energy %) 
         
0.22 0.04 1.33 0.26 0.04 1.64 0.30 0.04 2.06 
Fibre intake  
(Per 5 g per 1000 kcal) 
         
0.72 0.24 2.17 0.78 0.25 2.38 0.76 0.23 2.54 
VAT at L2/L3 (Per SD) 
            
1.36 0.88 2.12 1.06 0.64 1.76 
SAT at L2/L3  (Per SD) 
            
0.79 0.46 1.37 0.71 0.38 1.33 
Hypertension 
               
1.02 0.42 2.50 
HbA1c (%) 
               
2.91* 1.28 6.66 
TG/HDL-C 
               
1.28 0.89 1.83 
LDL-C                1.69 0.95 2.98 
*p value<0.05; PA= physical activity; SD= standard deviation 
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Table 5.3 (b) Association of physical activity, sedentary and subclinical atherosclerosis in women 
  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
  OR  95% CI OR  95% CI OR  95% CI OR  95% CI OR  95% CI OR  95% CI 
Average TV/video viewing time                               
(per hours/day)  0.85 0.61 1.18 0.85 0.60 1.20 0.90 0.61 1.31 0.88 0.59 1.31 0.83 0.54 1.30 0.85 0.52 1.37 
Light PA level                                                     
( per 10-MET-hr/week)    
   
1.05 0.94 1.18 1.08 0.94 1.24 1.09 0.94 1.27 1.09 0.93 1.26 1.07 0.91 1.25 
Moderate PA level                               
(per 10-MET-hr/week)    
   
0.96 0.86 1.08 0.99 0.87 1.12 0.99 0.87 1.13 0.99 0.86 1.13 1.00 0.86 1.15 
Vigorous PA level                                          
(per 10-MET-hr/week)    
   
0.65 0.25 1.64 0.70 0.28 1.77 0.86 0.40 1.85 0.86 0.41 1.83 0.80 0.37 1.73 
Age 
      
1.14* 1.04 1.25 1.19* 1.07 1.32 1.18* 1.06 1.32 1.16* 1.04 1.31 
Ever smoker  
      
0.81 0.09 7.35 0.57 0.05 6.31 0.59 0.05 6.40 0.81 0.06 10.21 
Current alcohol drinking 








  Employed 
      
0.47 0.11 1.99 0.43 0.08 2.21 0.44 0.08 2.26 0.27 0.05 1.54 
Average occupational sitting 
time ( per hours/day) 
      
1.14 0.86 1.52 1.13 0.84 1.52 1.13 0.85 1.52 1.08 0.81 1.46 
Total calorie intake  
(per 100 kcal/d)  
         
0.96 0.87 1.04 0.96 0.87 1.05 0.96 0.87 1.05 
Polyunsaturated:saturated ratio 
of fat 
         
0.01 0.00 1.98 0.01 0.00 2.22 0.01 0.00 2.27 
Protein Intake (per 5 energy %) 
         
2.73 0.56 13.31 2.74 0.56 13.49 2.96 0.59 15.01 
Carbohydrate intake  
(per 5 energy %) 
         
0.20 0.01 2.84 0.24 0.02 3.55 0.16 0.01 3.11 
Fibre intake (per 5 g per 1000 
kcal) 
         
0.62 0.15 2.50 0.64 0.16 2.62 0.66 0.15 3.00 
VAT at L2/L3 (per SD) 
            
1.26 0.54 2.93 0.86 0.34 2.18 
SAT at L2/L3  (per SD) 
            
0.99 0.47 2.10 1.03 0.47 2.25 
Hypertension 
               
3.33 0.91 12.23 
HbA1c (%) 
               
2.17 0.98 4.85 
TG/HDL-C 
               
1.23 0.41 3.66 
LDL-C                1.04 0.48 2.26 
*p value<0.05; PA= physical activity; SD= standard deviation 
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Chapter 6: Objectively measured and self-
reported sedentary behaviors in relation to 
cardiovascular risk factors in an urban Asian 
Singapore working population 
 
6.1 Introduction 
Prolonged total sedentary behavior or specific types of sedentary behavior 
have been associated with a higher risk of CVDs, type 2 diabetes, cancers and 
all-cause mortality independent of physical activity in several studies (9-11). 
In many studies, television (TV) viewing has been used as a surrogate measure 
of sedentary behaviors. However, several studies have found that the 
association between TV viewing with adverse health outcomes is not the same 
as for other sedentary behaviors (67, 207). In study 2, we showed that TV 
viewing was associated with insulin resistance whereas the other types of 
sedentary behaviors were not (198). As an epidemiologic construct, TV 
viewing may be more than just a proxy for sedentary behaviors. In addition, 
very few studies assessed the role of other behavioral risk factors associated 
with sedentary behavior such as short sleep duration, poor sleep quality or 
stress when determining its effects on health.  Sedentary behavior has also been 
associated with sleep duration and quality and in turn, sleep quality and duration are 
associated with mortality and the risk of type 2 diabetes (208-211),  In a recent 
review, Pedišić et al  reported that only two studies adjusted for sleep duration when 
determining the association of sedentary behavior with risk factors and emphasized 
the need to adjust for sleeping habits in sedentary behavior  research (212).   In 
addition, psychological stress is also associated with cardiovascular diseases (210). 
Television viewing has been studied in relation to psychological stress and mental 
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health with mixed results.  Mouchacca et al found that increased levels of stress were 
associated with reduced leisure time physical activity and increased fast food 
consumption and television viewing (209).  Li et al reported that greater depressive 
symptoms were associated with more television viewing(213).  However, there is still 
significant uncertainty if psychosocial risks may mediate the association between 
television viewing and mortality (214). Finally, very few studies have examined the 
impact of TV viewing on health with inclusion of the role of unhealthy eating habits. 
Results from our previous study in the general Singapore population (198)suggested 
that the stronger association for TV viewing time as compared with other sedentary 
time with cardio-metabolic risk factors may be partially mediated by unhealthy eating 
associated with TV viewing.  
Hence, to fill this gap, we would like to assess the association between TV viewing 
time as well as other types of sedentary behaviors and 1) objective measures of 
sedentary time and moderate/vigorous physical activity; 2) sleep quality and duration; 
3) psychological stress; and 4) eating behavior.  We then examined the role of these 
correlates in the association between television viewing / other types of sedentary 
behaviors and BMI and blood pressure, which were associated with TV viewing time 
in our previous study. 
 6.2 Methods 
This study is a cross-sectional analysis of baseline data from a randomized 
controlled TRial of economic Incentives to Promote Physical Activity 
(TRIPPA). Details of the study were described elsewhere (215). TRIPPA assessed 
the uptake, effectiveness and cost effectiveness of a scalable incentive-driven 
worksite-based physical activity program both with and without incentives. 
Full-time employees, aged between 21 and 65 years, were recruited from 13 
public and private agencies. Employees who were interested to participate 
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were invited to answer screening questionnaire online to assess their 
eligibility. The participants were excluded if they reported (1) an 
unwillingness to be randomly allocated to one of the four research arms, (2) an 
unwillingness to wear a pedometer for the duration of the study, (3) an 
inability to walk up 10 steps at a time, or (4) were pregnant at the time of 
questionnaire completion. 
Written informed consent was obtained from all participants before the start of 
the study. Height, weight, blood pressure, and heart rate were measured and 
baseline physical activity was monitored by Actigraph GT3X+ triaxial 
accelerometer for 1 week before the randomization. During this accelerometer 
wearing period, participants were required to complete an online 
questionnaire. When returning the accelerometers, participants were 
randomized to one of the four study arms if they had at least two days of wear 
that reached 10 hours/day and completed all other measurements.  
6.2.1 Exposures 
 The times spent on different types of sedentary behavior were assessed by a 
questionnaire adopted from the Workforce Sitting Questionnaire (WSQ)(216). 
The participants were asked about the time spent sitting on transportation, 
occupation, watching TV, watching DVD/video on any media device and 
other leisure time activities such as sitting and reading or listening to music, 
playing cards, electronic games, using computer for leisure such as internet 
surfing and chatting. Data was reported separately for working and non-
working days. The minutes were converted into hours and the average hours 
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of sitting for each activity was calculated as ((hours/day x no of working days) 
+ (hours/day x no of non-working days))/7 days.  
In addition, total time spent on sitting was also captured by Global Physical 
Activity Questionnaire (GPAQ)(106). 
Sedentary time was also measured by Actigraph GT3X+ triaxial 
accelerometer. The participants were required to wear the accelerometer at the 
hip during waking hours for 7 days. If there was any missing or incomplete 
weekday or weekend day, the participants were requested to wear extra 
weekday or weekend day correspondingly to compensate for incomplete or 
missing day and most of the participants with incomplete or missing data 
agreed to wear extra days. Accelerometer data were recorded in 60-second 
epoch and processed in the R (R Core Team,Vienna, Austria) using the 
package “accelerometry” for triaxial accelerometer to obtain standard 
variables based on vector magnitude (VM) counts and vertical axis counts 
(217). Non-wear time is defined as intervals of at least 90 consecutive minutes 
of zero VM counts, with allowance for up to 2 consecutive minutes of nonzero 
VM counts (218, 219). Day with at least 10 hours of wear time is defined as 
valid day (68). 
For this objectively measured sedentary time, we used 4 different cut-points. 
Three cut-points were based on vector magnitude; <100 counts/minute 
(VM100), <150 counts/minute (VM150) and <200 counts/minute (VM200) as 
there are no established cut-points for sedentary using vector magnitude for 
adults yet.  Carr et al applied the vertical axis cut-points  <100 counts/minute 
and <150 counts/minute to vector magnitude and reported average accuracy of 
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87.0% and 90.1% in identifying sedentary when compared with direct 
observation (220) and these cut-points were also used in other studies (221, 
222).  Aguilar-Farías et al calibrated the Actigraph GT3X+ sedentary cut-
points with ActivPAL3TM and reported that for vector magnitude  <200 
counts/min provided the most accurate estimation of sedentary time in older 
adults (223) and it was also used in the study with participants of age >45 
years old (118). The vertical axis cut-points <100 counts/minute (Vert100) is 
already well-established and commonly used in several studies (131). In this 
study, we presented the sedentary time based on <100 VM counts/minute 
mainly as the results were similar for all the cut-points. 
6.2.2 Outcomes 
Height was measured by mobile stadiometer (Seca 217 Mobile Stadiometer, 
Seca Deutschland) and weight was measured by mobile floor scale (Seca 869 
Mobile Floor Scale, Seca GmBH, and Germany). Body mass index (BMI) 
(kg/m2) was calculated as weight in kg divided by height in m2. Blood 
pressure (BP) was measured by digital blood pressure monitor (Welch-Allyn 
Spot Vital Signs BP monitor, Welch Allyn, NY). Two measurements were 
recorded and if the readings differed by more than 10 mmHg for systolic 
blood pressure (SBP) or 5 mmHg for diastolic blood pressure (DBP), a third 
measurement was taken and the mean of the last 2 measurements was 
calculated. 
6.2.3 Covariates 
Social demographic, medical history and lifestyle factors were assessed by 
questionnaire. Psychological well-being was assessed using K-10 and WHO-5 
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instruments. K10 was developed to detect general psychological distress and 
has been shown to have good reliability and validity (224-226).  It includes 10 
items on depression and anxiety and each item has five-value response option 
which scored from one to five and the higher score indicates more stress. 
The WHO-5 Wellbeing Index is a self-report measure of positive mental 
health. It is well-validated and shown to have higher sensitivity to detect 
deterioration in health (227, 228). It consists of five items that are rated on a 6 
point scale from ‘All of the time’ to ‘At no time’ and the participants are 
requested to rate their agreement over the previous two weeks. The higher 
score indicates better well-being. 
Sleep quality was measured by Pittsburgh Sleep Quality Index (PSQI), a well-
validated sleep quality questionnaire which has been using in clinical and 
research setting and the total score was calculated according to the guideline 
(229). The higher score indicates poorer sleep quality. Sleep duration was one 
of the components of PSQI questionnaire. 
Dietary habits were assessed by short dietary screener questionnaire, which 
was adopted from NHANES 2009-10 dietary screener questions (230) and 
incorporated local foods. It composed of 16 questions asking about the 
frequency of consumption in the past week of selected foods and drinks There 
were 8 options for frequency; 1) Never or less than once a week, 2) 1 - 2 times 
per week, 3) 3 - 4 times per week, 4) 5 - 6 times per week, 5) Once a day, 6) 2 
- 3 times a day, 7) 4 - 5 times a day and 8) 6 or more times per day . The 
means of these ranges were used as continuous variables and the frequency per 
week of intake of food and drinks in similar food groups were summed. The 
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food groups were sugary drinks, fruits & vegetables, western fast food, sweet 
snacks, salty snacks, and local fried snacks. In addition, there were 6 questions 
to assess eating habits (meals, snacks, sweetened beverages/soft drinks) during 
TV viewing time.  
Physical activity was measured by Actigraph GT3X+ triaxial accelerometer 
and GPAQ. 
 For self-reported sedentary time, we adjusted for physical activity variables, 
the intensity of which was classified based on vector magnitude counts; light 
(100-2689 VM counts/minute), moderate (2690–6166 VM counts/minute) and 
vigorous intensity activity (> 6166 VM counts/minute) (136, 220). The cut-
point 100 VM counts/minute was used to classify light intensity activity as 
Carr et al reported that it identified light intensity activity more accurately than 
150 VM counts/minute when compared with direct observation (220). 
For objectively measured sedentary time, we adjusted for physical activity 
variables, the intensity of which was classified according to the corresponding 
sedentary cut-point. The classifications for moderate (2690–6166 VM 
counts/min) and vigorous intensity activity (>6166 VM counts/min) were the 
same for all these 3 sedentary cut-points based on VM (100 VM 
counts/minute, 150 VM counts/minute and 200 VM counts/minute). For the 
cut-point 100 vertical axis counts/minute (Vert100), moderate intensity 
defined as 2020-5998 vertical axis counts/minutes, and vigorous (>=5999) 
vertical axis counts/minutes were used (132). 
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6.2.4 Statistical Analysis 
All statistical analyses were performed using Stata 12 for Windows (Stata 
Corporation, 
College station, Texas, USA). For normally distributed variables, mean and 
standard deviations were presented and for skewed variables, median and 
inter-quartile ranges were presented.Spearman rank correlation was used to 
express the correlation between different types of sedentary as well as to test 
the association between sedentary and behavioral risk factors adjusting for 
age, gender and ethnicity. Multiple linear regression analysis was used to test 
the association of self-reported and objectively measured sedentary with BMI, 
SBPand DBP. Model 1 was adjusted for age, gender, ethnicity, education, 
housing type and occupation. Model 2 was adjusted for the variables in model 
1 plus accelerometer measured moderate and vigorous PA. Model 3 was 
adjusted for the variables in model 2 plus the dietary intake (sugar drinks, 
fruits & vegetables, western fast food, sweet snacks, salty snacks, and local 
fried snacks). Model 4 was further adjusted for psychological well-being 
(WHO-5 and K-10) and sleep duration. We also performed analysis only 
among participants who did not have meals, snacks or sweetened beverages 
during TV viewing time to determine if the association between TV viewing 
time and CVD risk factors were modified by these factors. 
For the exposure that found significant association with outcomes in model 4, 
we further adjusted for sedentary time from other domains in model 5 to 
establish independent effect of the corresponding exposure. P-values <0.05 
were considered statistically significant in all analysis. 
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6.3 Results 
From 800 participants, we excluded 134 participants who had less than 7 valid 
days of accelerometer data. In addition, we excluded 29 participants with 
missing information on ethnicities, 61 participants who reported more than 7 
days when combining working and non-working days, 5 participants who 
reported 7 non-working days, 11 participants with history of diabetes,  56 
participants with history of hypertension, 46 participants with history of heart 
disease and 31 participants with history of stroke. The participants may be 
excluded for one or more reasons. A total of 509 participants were included in 
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Figure 6.1 Flow chart of participants considered including in the analysis 
 
 
The characteristics of the study population were shown in table 6.1. Most of 
the participants were female, Chinese ethnicity and highly educated. 69% had 
professional and technical occupations. Average median TV viewing time was 
1.14 hours per day, self-reported median sitting time was 8.50 hours per day 
and accelerometer-measured sitting time was 7.95 hours per day. 
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Table 6.1 Characteristics of study population 
N=509   
Age 35.23±8.40 
Gender 
 Male 208 (40.86) 
Female 301(59.14) 
Ethnic 
 Chinese 380 (74.66) 
Malay 21 (4.13) 
Indian 53 (10.41) 
White 55 (10.81) 
Education 
 Secondary/Diploma 101 (19.84) 
University degree 259 (50.88) 
Post graduate 149 (29.27) 
Housing Type 
 1-3 rooms flat 88 (17.29) 
4-5 rooms flat/ Executive flat 297 (58.35) 
Condominium/ Private flat/Bungalow/ semi-
detached/ terrace house 124 (24.36) 
Occupation 
 Professional and technical occupations 337 (68.50) 
Higher administrator occupations  48 (9.76) 
Clerical occupations  90 (18.29) 
Sales & service occupations/Skilled worker  17 (3.46) 
Average sitting time (hour/day)(median, IQR) 
 Transportation  1.00 (0.43, 1.71) 
Occupation 5.00 (4.29, 5.71) 
     Leisure Time 
 Watching TV  1.14 (0.29, 2.21) 
Watching DVD, video on any media device      0.57 (0, 1.29) 
¶Other activities   1.14 (0.50, 1.79) 
GPAQ (hours/day) (median, IQR) 
 Sitting  8.50 (6, 10.5) 
Moderate activity  0.60 (0.29, 1.25) 
Vigorous activity  0.14 (0, 0.43) 
Accelerometer data (hours/day) (median, IQR) 
 Sedentary time  7.95 (7.14, 8.89) 
Time spent on light activity  5.39 (4.68, 6.04) 
Time spent on moderate activity  0.69 (0.49, 0.90) 
Time spent on vigorous activity 0.01 (0.00, 0.06) 
K10 score (stress) (median, IQR)  14 (11, 18) 
WHO-5 index(well-being) (median, IQR)  15 (13, 18) 
PSQI index (sleep quality) 4 (3, 5) 
Sleep duration (hours/day) (mean±SD) 6.51±0.97 
Body mass index (Kg/m2) (mean±SD) 23.60±3.86 
Systolic blood pressure (mmHg)(mean±SD) 112.81±14.88 
Diastolic blood pressure (mmHg)(mean±SD) 71.33±30.13 
¶Other leisure time activities that involve sitting such as sitting and reading or listening to 
music, playing cards, electronic games, using computer for leisure such as internet surfing, 
chatting , etc. exclude the time on TV, DVD, video on any media device 
IQR= Inter-quartile range 
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Table 6.2 shows the correlation between objectively measured and self-
reported sedentary time. The self-reported sitting and accelerometer-measured 
sitting was moderately correlated (r=0.24, 95%CI: 0.15, 0.32). TV viewing 
time, video viewing time and other leisure time sitting were not correlated 
well with self-reported total sitting time. Occupational sitting time was more 
correlated with self-reported total sitting time (r=0.55, 95%CI: 0.49, 0.61) than 
accelerometer-measured total sitting time (r=0.22, 95%CI: 0.14, 0.31). TV 
viewing time has modest correlation with self-reported sitting time in other 
domains; transportation, occupation sitting and other leisure time sitting. 
However, TV viewing time was not correlated with self-reported total sitting 
and objectively measured sedentary behavior. Video viewing time and other 
leisure time sitting were modestly correlated with accelerometer-measured 
sedentary time. There was also moderate correlation between video viewing 
time and other leisure time sitting (r=0.32, 95%CI: 0.24, 0.40). 
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Table 6.2 Correlation between self-reported and objectively measured sedentary time 
        
  
















Sitting hours per day 
(GPAQ) 1 
      
        Time spent sitting during 
transportation 
-0.12 
(-0.21, -0.04)) 1 
     
        
TV viewing time 
0.03 
 (-0.06, 0.11) 
0.18 
(0.10, 0.27) 1 
    
        






(0-0.05, 0.13) 1 
   







 (0.03, 0.20) 
0.07  
(-0.02, 0.16) 1 
  
        










(0.02, 0.19) 1 
 













 (0.02, 0.19) 1 
Data are Spearman rank correlation and 95% confidence interval in the bracket. 
#Occupational sitting= correlation with sitting time in other domains on working day 
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Table 6.3 shows the partial correlation between objectively measured and self-
reported sedentary time with other behavioral risk factors, adjusting for age, 
gender and ethnicity.  
These risk factors included eating, physical activity, and sleeping habits and 
measures of psychological well-being. Longer self-reported total sitting time 
was associated with higher sweet and salty snack intake while accelerometer 
measured sedentary time was associated with higher intake of sweet snacks. 
Longer sitting time during transportation was correlated with higher intakes of 
western food, sweet snacks and local fried snacks; longer occupational sitting 
time and time spent on other leisure time activities were correlated with higher 
intakes of fruit and vegetables and   sweet snacks; and longer TV viewing time 
and video viewing time were correlated with higher intake of sweet and salty 
snacks. In addition, TV viewing time was also correlated with higher intake of 
local fried snacks.  
Higher self-reported total sitting time, occupational sitting time and 
accelerometer measured sedentary time were correlated with less time spent 
on accelerometer measured light and moderate activity and self-reported 
moderate and vigorous activity.  
More self-reported total sitting and occupational sitting time were associated 
with low WHO-5 well-being index and higher PSQI index (indicating poorer 
sleep quality). In addition, longer occupational sitting was also correlated with 
higher K10 score (indicating higher stress).  Sitting time during transportation 
was correlated with a higher PSQI index.
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       Sugar drink 0.27 (0.54) 0.02 (0.73) 0.06 (0.19) 0.05 (0.24) 0.07 (0.13) 0.09 (0.05) 0.01 (0.74) 
Fruit and vegetables 0.07 (0.11) 0.10 (0.02) -0.05 (0.28) -0.03 (0.47) 0.07 (0.14) 0.09 (0.05) -0.04 (0.42) 
Western food 0.01 (0.81) 0.01 (0.91) 0.10 (0.03) 0.03 (0.50) 0.07 (0.14) 0.05 (0.30) 0.02 (0.59) 
Sweet snack 0.10 (0.03) 0.13 (0.005) 0.15 (0.001) 0.11 (0.02) 0.11 (0.01) 0.11 (0.02) 0.11 (0.02) 
Salty snack 0.13 (0.005) 0.08 (0.07) 0.04 (0.37) 0.14 (0.002) 0.11 (0.02) 0.04 (0.36) 0.02 (0.71) 
Local fried snack 0.03 (0.51) 0.06 (0.21) 0.12 (0.006) 0.11 (0.02) 0.06 (0.21) 0.04 (0.43) 0.06 (0.19) 
Accelerometer data (hours/day) 
      Time spent on light 
activity/day -0.16 (0.0004) -0.17 (0.0001)# -0.04 (0.40) 
-0.002 
(0.97) -0.07 (0.14) -0.02 (0.61) -0.51 (<0.0001) 
Time spent on moderate 
activity/day -0.13 (0.003) -0.12(0.004)# -0.07 (0.13) -0.01 (0.89) 0.01 (0.88) 0.05 (0.30) -0.23 (<0.0001) 
Time spent on vigorous 
activity/day  -0.07 (0.11) 0.02 (0.67)# -0.03 (0.52) -0.03 (0.56) -0.08 (0.08) 0.02 (0.63) -0.10 (0.04) 
GPAQ (hours/day) 
       Moderate activity -0.20 (<0.0001) -0.21 (<0.0001) 0.09 (0.04) 0.00 (0.96) 0.04 (0.40) 0.02 (0.61) -0.15 (0.0007) 
Vigorous activity -0.26 (<0.0001) -0.16 (0.0002) 0.07 (0.11) 0.04 (0.33) -0.07 (0.14) -0.03 (0.54) -0.10 (0.02) 
        WHO-5 index -0.14 (0.001) -0.17 (0.0001) -0.06 (0.16) -0.05 (0.27) -0.06 (0.18) 0.01 (0.85) -0.01 (0.79) 
Sleep duration -0.05 (0.27) -0.02 (0.62) -0.06 (0.16) -0.00 (0.99) -0.03 (0.48) -0.01 (0.90) 0.03 (0.49) 
        PSQI index 0.09 (0.04) 0.10 (0.03) 0.10 (0.03) -0.01 (0.86) 0.07 (0.12) -0.02 (0.71) -0.05 (0.25) 
K10 score 0.04 (0.42) 0.10 (0.02) 0.05 (0.23) 0.05 (0.31) 0.01 (0.82) 0.01 (0.80) -0.04 (0.32) 
Spearman's correlation is reported with p value in the bracket. 
    Adjusted for age, gender and ethnicity 
      #Based on weekdays' data 
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Table 6.4 shows the association between different types of sedentary 
behaviors and BMI, SBP and DBP. Longer TV viewing time and occupational 
sitting were associated with a higher BMI after adjusting for age, gender, 
ethnicity, housing type and occupation. The strength of association remained 
the same after additional adjustment for moderate and vigorous intensity 
physical activity, food consumption, and, sleep duration, and measures of 
psychological well-being. Adjusting TV viewing time and occupational sitting 
for each other did not affect the strength of the association much.  The 
association between TV viewing time and BMI did not seem to be modified 
by meals, snacks and drinks taken during TV viewing time as the same 
association was still observed among the participants who did not have meals, 
snacks and sweetened beverages during TV viewing time (data not shown). 
The association between self-reported sitting and BMI reached statistical 
significance only after adjusting for all considered covariates although the 
strength of association did not change much. Sitting during transportation, 
video time, sitting during other leisure activities or objectively measured 
sitting time were not significantly associated with BMI. 
More objectively measured sedentary time was associated with higher SBP 
after adjustment for socio-demographic factors and this association did not 
materially change after adjustment for any of the other behavioral risk factors.  
Total reported sitting time or specific sedentary behaviors were not 
significantly associated with blood pressure.  
Table 6.5 shows additional analysis with objectively measured sedentary time 
using other different cut-points. The associations of objectively measured 
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sedentary time defined by <150 VM counts/min and <200 VM counts/min 
with CVD risk factors were similar to that of 100 VM counts/min reported in 
table 6.4, however, the association of sedentary time defined by 100 vertical 
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Table 6.4 Associations of sedentary time (hours/day) from different domains with 
Body Mass Index (BMI) and systolic (SBP) and diastolic (DBP) blood pressure 
    BMI (kg/m2) 
SBP 
(mmHg)   
DBP 
(mmHg)   



















Sitting hours per 
day (GPAQ) 
Model 1 0.07 (0.05) 0.14 0.16 (0.18) 0.38 0.38 (0.40) 0.35 
Model 2 0.08 (0.05) 0.10 0.18 (0.18) 0.33 0.32 (0.40) 0.43 
Model 3 0.08 (0.05) 0.08 0.16 (0.18) 0.39 0.32 (0.41) 0.44 
Model 4 0.09 (0.05) 0.05 0.17 (0.18) 0.37 0.26 (0.41) 0.52 
Sitting time 
       Transportation   Model 1 -0.09(0.07) 0.17 -0.15 (0.26) 0.56 -0.50 (0.58) 0.39 
 
Model 2 -0.09 (0.07) 0.17 -0.15 (0.26) 0.55 -0.50 (0.58) 0.39 
 
Model 3 -0.11 (0.07) 0.10 -0.16 (0.26) 0.54 -0.56 (0.59) 0.34 
 
Model 4 -0.10 (0.07) 0.14 -0.15 (0.27) 0.58 -0.75 (0.60) 0.21 
Occupation Model 1 0.16 (0.08) 0.05 0.38 (0.31) 0.23 0.67 (0.70) 0.34 
 
Model 2 0.17 (0.09) 0.04 0.40 (0.31) 0.20 0.66 (0.70) 0.35 
 
Model 3 0.16 (0.08) 0.05 0.37 (0.32) 0.24 0.59 (0.71) 0.41 
 
Model 4 0.18 (0.08) 0.03 0.35 (0.32) 0.28 0.47 (0.71) 0.51 
 
Model 5 0.16 (0.08) 0.05 0.31 (0.32) 0.34 0.57 (0.72) 0.42 
Leisure Time 
       Watching TV  Model 1 0.25 (0.12) 0.04 0.62 (0.46) 0.18 -0.73 (1.04) 0.48 
 
Model 2 0.26 (0.12) 0.03 0.63 (0.46) 0.17 -0.82 (1.04) 0.43 
 
Model 3 0.27 (0.12) 0.03 0.57 (0.47) 0.23 -0.94 (1.06) 0.38 
 
Model 4 0.28 (0.12) 0.03 0.54 (0.47) 0.26 -1.08 (1.05) 0.31 
 
Model 5 0.25 (0.12) 0.05 0.48 (0.48) 0.32 -1.19 (1.06) 0.26 
Watching 
DVD, video on 
any media 
device  
Model 1 0.05 (0.13) 0.69 0.28 (0.50) 0.57 -0.84 (1.12) 0.45 
Model 2 0.06 (0.13) 0.46 0.27 (0.50) 0.59 -0.92 (1.12) 0.42 
Model 3 0.03 (0.13) 0.83 0.26 (0.51) 0.62 -0.98 (1.15) 0.40 
Model 4 0.04 (0.13) 0.78 0.26 (0.51) 0.61 -1.03 (1.14) 0.37 
Other 
activities* Model 1 0.18 (0.14) 0.19 0.97 (0.52) 0.06 -0.54 (1.16) 0.64 
 
Model 2 0.18 (0.14) 0.20 0.98 (0.52) 0.06 -0.52 (1.16) 0.66 
 
Model 3 0.17 (0.14) 0.21 1.00 (0.52) 0.06 -0.48 (1.17) 0.68 
 
Model 4 0.17 (0.14) 0.21 0.97 (0.52) 0.06 -0.62 (1.17) 0.59 




Model 1 0.10 (0.10) 0.31 0.90 (0.39) 0.02 0.68 (0.87) 0.43 
Model 2 0.12 (0.11) 0.26 1.02 (0.40) 0.01 0.58 (0.90) 0.52 
Model 3 0.11 (0.11) 0.31 0.95 (0.41) 0.02 0.31 (0.93) 0.74 
Model 4 0.11 (0.11) 0.31 0.96 (0.42) 0.02 0.45 (0.93) 0.63 
Model 1: Adjusted for age, gender, ethnicity, education, housing type, and occupation 
Model 2: Additional adjustment for accelerometer measured moderate and vigorous activity.  
Model 3: Additional adjustment for intake of sugary drinks, fruits & vegetables, western fast 
food, sweet snacks, salty snacks, and local fried snacks 
Model 4: Additional adjustment for WHO well-being index, sleep duration and k10 
 Model 5: Additional adjustment for occupational sitting/TV time 
*Other activities that involve sitting such as sitting and reading or listening to music, playing cards, 
electronic games, using computer for leisure such as internet surfing, chatting . 
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Table 6.5 Association of accelerometer measured sedentary time (hours/day) using 
other different cut-points with Body Mass Index (BMI) and systolic (SBP) and 
diastolic (DBP) blood pressure 
    BMI SBP   DBP     
 Sedentary 




















VM150 Model 1 0.10 (0.10) 0.33 0.79 (0.39) 0.05 0.53 (0.88) 0.55  
Model 2 0.12 (0.11) 0.27 0.91 (0.40) 0.02 0.41 (0.91) 0.65  
Model 3 0.11 (0.11) 0.33 0.83 (0.42) 0.05 0.12 (0.94) 0.90  
Model 4 0.11 (0.11) 0.34 0.85 (0.42) 0.05 0.27 (0.94) 0.77  
VM200 Model 1 0.09 (0.10) 0.38 0.71 (0.40) 0.07 0.45 (0.89) 0.61  
Model 2 0.11 (0.11) 0.31 0.84 (0.41) 0.04 0.32 (0.92) 0.73  
Model 3 0.10 (0.11) 0.38 0.75 (0.42) 0.08 0.03 (0.95) 0.98  
Model 4 0.10 (0.11) 0.38 0.76 (0.43) 0.08 0.18 (0.95) 0.85  
Vert100 Model 1 -0.07 (0.11) 0.51 0.35 (0.41) 0.39 0.60 (0.91) 0.51  
Model 2 -0.09 (0.11) 0.40 0.39 (0.42) 0.35 0.38 (0.93) 0.68  
Model 3 -0.10 (0.11) 0.40 0.33 (0.44) 0.45 0.17 (0.97) 0.86  
Model 4 -0.09 (0.11) 0.41 0.32 (0.44) 0.47 0.34 (0.97) 0.73  
Model 1: Adjusted for age, gender, ethnicity, education, housing type, occupation 
Model 2: Additional adjustment for accelerometer measured moderate and vigorous activity.  
Model 3: Additional adjustment for sugar drinks, fruits & vegetables, western fast food, 
sweet snacks, salty snacks, local fried snacks  
Model 4: Additional adjustment for WHO well-being index, sleep duration and k10 
VM150= vector magnitude counts 150/min; VM200= vector magnitude counts 
200/min; Vert100= vertical axis counts 100/min 
For VM150 and VM 200, moderate intensity defined as 2690–6166 VM counts/min 
and vigorous intensity defined as >6166 VM counts/min were used for adjustment. For 
Vert100, moderate intensity defined as 2020-5998 vertical axis counts/min and vigorous 
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6.4 Summary 
In this employed cohort 
1)  Television time is a poor proxy for sedentary behavior.  It showed no 
correlation with objectively measured sedentary activity.  In contrast, 
occupational sitting, total sitting hours,  video viewing time and other leisure 
time sitting were correlated with accelerometer measured sedentary behavior. 
2) Our data supports the hypothesis that TV viewing time, as an 
epidemiologic construct, encompasses other lifestyle factors.   
i)   Not only TV viewing time but all forms of sedentary behavior 
were correlated with unhealthy food intake with similar effect size. 
ii) It is not correlated with objectively measured physical activity 
– again, this differs from other forms of sedentary behavior—whether 
objectively or subjectively measured. 
3)  Our data does not support the hypothesis that TV viewing is 
associated with psychological well-being. 
4) Finally, the association between sedentary behavior and BMI is not 
explained by any of the potential intermediaries studied, including eating 
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Chapter 7: Discussion 
7.1 Major findings and implications 
In study 1, we validated physical activity questionnaire in Singapore 
population and demonstrated that SP2PAQ has reasonable validity and 
reliability. In study 2 to 4, we investigated the association between physical 
and sedentary activities with cardio-metabolic risk. In study 2, we assessed the 
association between TV viewing, computer time, reading time and joint 
association of TV viewing time and vigorous activity with cardio-metabolic 
biomarkers. We observed that TV viewing time but not computer time and 
reading time, leisure time sitting or occupational sitting was associated with 
cardio-metabolic risk. We also found that TV viewing time and vigorous 
physical activity were independently associated with insulin resistance. In 
study 3, we assessed the association of TV viewing time and physical activity 
with body composition and subclinical atherosclerosis. We found that TV 
viewing time was associated with higher fat mass index, %body fat, SAT and 
VAT. Moderate, vigorous and total PA were associated with higher lean mass 
index and total PA was also associated with reduced fat mass index. However, 
only TV viewing time but not occupational sitting time or physical activity 
was found to be associated with risk of subclinical atherosclerosis in men. In 
study 4, we evaluated the association of self-reported and objectively 
measured sedentary time with CVD risk factors. We found that only TV 
viewing time and occupational sitting time were associated with higher BMI 
and objectively measured sedentary time was associated with higher SBP. 
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7.1.1 Study 1 
In our study in a developed multi-ethnic urban Asian population, SP2PAQ 
showed a substantially higher correlation with an objective measure of energy 
expenditure from physical activity than the IPAQ for both moderate and 
vigorous activity.  The validity of the IPAQ for ranking the physical activity 
level of individuals was inadequate in our population, whereas the validity for 
SP2PAQ was acceptable for this purpose with the possible exception of 
ranking moderate activity in Indians. Both questionnaires tended to 
overestimate energy expenditure for vigorous activity, especially at higher 
levels of energy expenditure. For moderate activity, both questionnaires 
underestimated the energy expenditure when compared with the measurement 
of accelerometer. The reproducibility over an average of 6 months of the two 
questionnaires and the accelerometer was reasonably good. 
Our study showed that the corrected correlation for vigorous activity was 
substantially better than for moderate activity, and this is consistent with 
findings in other studies (231, 232). In the Stanford Five-City Project, a survey 
of a representative population sample of four cities in central California, which 
compared nine measurement instruments for physical activity, recall was 
accurate for vigorous activity, but poor for moderate activity and this finding 
was consistent in men and women and in all domains of activity (231). The 
same finding was observed in the validation of the Stanford 7-Day Recall, 
which showed lower correlation for moderate activity than vigorous activity in 
men (0.23 vs. 0.59) (232).  
The correlation between IPAQ and accelerometer in our population appears to 
be lower than other populations (154, 233). In the New Zealand population the 
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correlation was 0.19 for moderate activity and 0.42 for vigorous activity (233) 
and in a Swedish population it was 0.21 for moderate activity and 0.71 for 
vigorous activity (154). This may be due to differences in culture as well as 
educational level of participants that might affect interpretation of the 
questionnaire (105). All participants in the Swedish study had a higher 
education level, whereas our study population consisted of participants with 
varying educational levels. However, when compared with other validation 
studies in Asia, the correlation between IPAQ and accelerometer for the 
Chinese ethnic group in our study was similar to the Chinese population 
studied in Hong Kong (r=0.27 for moderate activity and r=0.28 for vigorous 
activity) (150). Another validation study in the Chinese population of Hong 
Kong showed different results according to the accelerometer used: the 
correlations of IPAQ with the Tritrac accelerometer were 0.15 and 0.18 for 
moderate and vigorous activity respectively, whereas with the MTI 
accelerometer these correlations were -0.06 and 0.44 respectively (234). In a 
Japanese population, the correlation between the IPAQ and accelerometer 
measurements of total physical activity was 0.36 (105). 
The validity of SP2PAQ is comparable to other questionnaires that have been 
used in large epidemiological studies. For example the correlation of 
Behavioral Risk Factor Surveillance System (BRFSS) physical activity 
questionnaire used for monitoring physical activity across the U.S.A. 
compared with the accelerometer was 0.31 for moderate activity and 0.17-0.26 
for vigorous activity(235), whereas the correlation of New Zealand Physical 
Activity Questionnaire(NZPAQ-LF) with accelerometer was 0.30 for 
moderate activity and 0.37 for vigorous activity (233).  
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Both indices for the reproducibility of IPAQ and SP2PAQ are reasonably 
good and also similar to other questionnaires (180) such as test-retest 
Spearman’s reliability coefficients for IPAQ in 12 countries ranged from 0.46 
to 0.96 (105) and ICC for the reproducibility of the Shanghai Women’s Health 
Study Physical Activity Questionnaire for moderate activity was 0.59 and for 
vigorous activity was 0.93(179). In our study, both indices are quite similar 
except for the reproducibility of accelerometer for vigorous activity which 
ICC was lower. It may be due to true changes in participants’ activities as 
accelerometer assessed current activity while both questionnaires assessed 
habitual activity. 
When we compared questionnaire and accelerometer estimates of energy 
expenditure from physical activity using Bland-Altman plots, greater 
differences between the two methods were observed with increasing means of 
measurements for both moderate and vigorous activity. This may be due to 
either the questionnaire increasingly over-estimating activity with increasing 
activity or the accelerometer increasingly under-estimating activity with 
increasing activity. In a study done by Klesges et al reported that participants 
overestimated the duration of their physical activities, especially for aerobic 
activities (104). In addition, the Actical accelerometer may have 
underestimated energy expenditure, especially at high levels of energy 
expenditure (236). The accelerometer is known to substantially underestimate 
energy expenditure for specific activities (237). For example, accelerometers  
have limitations in detecting activities where the body is mostly stationary 
such as when cycling or weight lifting (237). Moreover, in our study, the 
accelerometer was taken off during water-based activities. This may have 
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reduced the amount of activity detected by the accelerometer as compared 
with the questionnaire although only five participants reported swimming 
during the period in which they wore the accelerometer.  The combination of 
over-estimation by the questionnaires and under-estimation by the 
accelerometer may have given rise to the observation that the difference 
between these methods was greater at higher levels of activity. Similar 
findings were reported for a nationally representative sample of the Swedish 
population, where the difference between the IPAQ and accelerometer 
measurements of time spent on physical activity was larger at higher activity 
levels reported by the IPAQ (238).  
The correlation of IPAQ sitting time in our population was comparable to the 
results from other populations (239). The correlation in our study was 0.31 
whereas UK was 0.24, Netherlands was 0.26, USA was 0.30 and 0.50 (239) . 
The correlation of occupational sitting time from SP2PAQ and accelerometer 
was 0.40, which was also comparable to the finding in the study done in 
Australia (r= 0.39) (240). However the validity of leisure time sitting in 
SP2PAQ (r=0.16) was lower than SIT-Q (r=0.26) (241). It may be due to 
different reference method; our study used objective method accelerometer 
whereas SIT-Q was validated with 7-Day Diary which was considered to be 
subjective method even though its estimates were more accurate than that of 
the recall questionnaire (140).  
Several methodological differences exist between SP2PAQ and IPAQ. It 
should be noted that the IPAQ assesses physical activity in the past week, 
whereas the SP2PAQ assesses habitual physical activity of at least the past 3 
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months. For the first 120 participants, the week recorded by IPAQ was 
different from that of the week measured by the accelerometer as IPAQ was 
administered before the accelerometer wearing period. However, we reversed 
the order of questionnaire administration for the subsequent 43 participants so 
that the IPAQ questionnaire applied to the same week of accelerometer 
measurement and found that the order of questionnaire administration did not 
affect the agreement with accelerometer measurements. The mode of 
administration of the questionnaires was also different as SP2PAQ is 
administered by an interviewer whereas IPAQ is self-administered. In a 
comprehensive review of physical activity instruments, it was concluded that 
the accuracy of interviewer-administered questionnaires tends to be greater 
than for self-administered questionnaires (242). Finally it should be noted that 
the primary intention of IPAQ is to obtain comparable population estimates of 
physical activity data across different countries, whereas the aim of SP2PAQ 
was to assess inter-individual variation in usual physical activity within a 
population. 
To our knowledge, this is one of few studies that validated physical activity 
questionnaires in an Asian population. In addition, the correlations were 
corrected for within-person variation in the accelerometer measurements. 
Within-person correlation in the reference instrument will reduce the 
correlation with the evaluated questionnaires and should be corrected for in 
validation studies (243). The drop-out rate in our study was negligible as there 
was only one person who withdrew from the study. There are also several 
limitations in our study that need to be considered. The size of our study 
population was modest and most participants were from a hospital and a 
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university campus thus limiting generalizability. However, the participants 
were derived from fairly wide age and socioeconomic groups with different 
educational, occupational and income levels. Although the distributions of 
age, gender and ethnicity were not exactly the same across the sub-groups, 
these differences in distribution were not statistically significant. The 
reference measurement used in this study was the accelerometer which is not 
the gold standard to validate the physical activity measurements (244). 
However, the current reference standard for validating activity questionnaires, 
the doubly labeled water technique, is not only very costly but it also does not 
provide information on the patterns of physical activity as it estimates total 
energy expenditure (244). The accelerometer on the other hand can provide 
the frequency, duration and intensity of free living physical activity to obtain a 
good estimate of energy expenditure and has been recommended as an 
objective method of choice to use in validating questionnaires or studying 
patterns of physical activity (245-247). It has also been used to validate 
physical activity questionnaires in national surveys such as the England 
Physical Activity questionnaire (248) and the BRFSS (235).  
Our study had only 5-day of accelerometer monitoring and even though it was 
enough to reliability assess physical activity, it may not be enough to achieve 
80% of reliability in estimating sitting time (249).  
Finally, the interval between the test and retest measurements was rather long. 
We realize that as a result the reliability estimates are affected by both 
measurement error related to the assessment of short-term activity and real 
changes in activity habits of participants over time. However, in 
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epidemiological studies we are generally interested in habitual activity over 
years as this is most relevant for the development of chronic diseases. For this 
application, an inability of assessment methods to capture long-term physical 
activity is therefore a limitation and long-term reproducibility, part of which 
may be due to real changes in physical activity, is most relevant. 
7.1.2 Study 2 
In this study in an urban Asian population, we found that TV viewing time 
was associated with several biomarkers associated with an increased risk of 
cardiovascular and metabolic disease.  Longer TV viewing time was 
significantly associated with higher systolic blood pressure, LDL-cholesterol, 
total cholesterol, triglycerides, hs-CRP, HOMA-IR and lower HDL and 
adiponectin even after adjustment for potential confounders. This is consistent 
with the results of several studies conducted in western populations.  In the 
AusDiab study of Australian adults, TV viewing time was associated with 
higher diastolic blood pressure, triglycerides and fasting insulin in women and 
fasting plasma glucose, 2-hr glucose and fasting insulin in men (206).  In the 
EPIC-Norfolk study of English adults aged 45-74 years, TV viewing time was 
associated with blood pressure, cholesterol, LDL-c, HDL-c and triglycerides 
(70).   
Path analysis suggests that a large part of the association between TV viewing 
and cardio-metabolic biomarkers in our study was mediated through BMI, 
explaining more than half of the association between TV viewing time and 
HOMA-IR.  The findings related to obesity are consistent with data from  the 
Health Survey for England, where  it was reported that 28.6% to 60.3% of the 
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association between TV time and cardio-metabolic risk factors (systolic and 
diastolic blood pressure, HDL-c, total cholesterol) was explained by BMI 
(250).  These may relate to reduced energy expenditure due to increased TV 
viewing time.  A randomized controlled trial in adults showed that restricting 
TV time for 3 weeks resulted in increased objectively measured energy 
expenditure (251).  Altered dietary intake may also contribute to the link 
between TV viewing and obesity. In our study, TV viewing was associated 
with a higher intake of calories, cholesterol, and a lower intake of fiber.  In 
contrast, reading/computer time was not associated with dietary intakes.  
Previous studies have shown that TV viewing time is associated with 
unhealthy eating behaviors, and obesity (184, 252). In randomized control 
trials in children, reducing TV time resulted in reduced energy intake and 
weight loss (253, 254). In addition to being associated to greater adiposity, 
dietary intakes associated with TV viewing also appeared to act through 
pathways that are independent of adiposity.  In particular, our results 
suggested that lower fiber intake was a mediator of the association between 
TV viewing and HOMA-IR. This is consistent with previously reported 
associations between higher fiber intakes and lower insulin resistance (255, 
256). We also found that the association between TV viewing time and 
HOMA-IR was not mediated through physical activity as there was no 
significant association between TV viewing time and physical activity. 
However, we found that computer/reading time was associated with low level 
of physical activity. It may be that the average computer/reading time was 
much longer than TV viewing time and thus more likely to displace physical 
activity. 
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Even after taking potential confounders and mediators into account, 
statistically significant associations remained for triglycerides and HOMA-IR.  
In our study, time spent on TV viewing was not substantially associated with 
the amount of physical activity and longer TV viewing time independently 
contributed to higher HOMA-IR (Figure 4.2).  Healy et al also reported that 
detrimental  effects of TV viewing time on metabolic risk factors (waist 
circumference, systolic blood pressure, 2-h plasma glucose fasting plasma 
glucose, triglycerides, and HDL-C ) was observed even among the participants 
who met the physical activity guideline (76) and have suggested that sedentary 
behavior is not just a marker for reduced physical activity, but may have some 
direct effect on health and should be considered separately from physical 
activity.  In our study, forms of sedentary behavior other than TV viewing 
(computer or reading time, leisure time sitting or occupational sitting time) 
were not associated with worse levels for biomarkers of cardiovascular and 
metabolic risk. This finding is consistent with results from the U.S. National 
Health and Nutrition Examination Survey, which reported that type of 
sedentary behavior but not volume and patterns of sedentary behavior, was 
associated with cardio-metabolic risk factors. High TV use but not high 
computer use was a predictor of cardio-metabolic risk factors (257). It is 
possible that TV viewing differs from other sedentary behaviors. Energy 
expenditure during TV viewing might be lower than during computer use or 
reading or occupational sitting (15). Furthermore, TV viewing time may have 
detrimental effects on other lifestyle factors such as dietary intakes (258-260). 
In New Zealand children, longer duration of TV watching was significantly 
associated with higher intakes of foods with a high energy-density that are 
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commonly advertised on TV (258). In the experimental study conducted in the 
UK, it was found that exposure to food advertisement significantly increased 
energy intake in all children and suggested that the food advertisement during 
TV viewing time may be the mediating factor for the effect of TV viewing 
time on energy intake (260). Although computer/reading time was correlated 
lower total and moderate physical activity, it explained a small percent of 
lower total and moderate physical activity and in turn total and moderate 
physical activity contributed a small amount to the outcomes. Hence the 
relationship between computer/reading time and the measured outcomes might 
even be smaller to detect. 
Our study has several strengths. This was the first large population-based 
study in Asian population that studied the association of TV viewing time with 
metabolic traits. It was done in a multi ethnic population, comprised of 
Chinese, Malays and Asian Indians. We had detailed information on potential 
mediators and confounders as well as relevant cardio-metabolic risk factors. 
Limitations of our study included that we did not have data on eating habits 
during TV viewing time though we considered overall dietary intakes. We also 
did not record sleep duration in our study. TV viewing time has been shown to 
be associated with short sleep duration that is in turn associated with cardio-
metabolic biomarkers (261-263).   Furthermore, TV viewing time, physical 
activity, diet and other sedentary behaviors were self-reported and are thus 
affected by measurement error. Measurement error in TV viewing time may 
have weakened the observed associations, but measurement errors in potential 
confounders may have led to residual confounding. As this is a cross-sectional 
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study, we cannot definitively infer causality. However, we excluded 
participants with relevant diagnosed diseases to avoid reverse causation. 
In summary, our study confirms the association between TV viewing time and 
cardio-metabolic biomarkers in a multi-ethnic Asian population.  However, 
TV viewing time is a complex construct that appears include obesity and 
altered dietary intakes. The lack of association between other forms of 
sedentary behavior and metabolic risk factors in study also suggests that the 
association between TV viewing time and health reflects other lifestyle factors 
rather than sedentary time per se.  Even after controlling for potential 
mediators, part of the association between TV watching and triglyceride levels 
and insulin resistance remained unexplained in our study. Given the prominent 
role that TV viewing has in modern society, further research is warranted to 
better understand why this behavior is associated with cardio-metabolic health. 
This may facilitate the development of public health interventions that more 
effectively address the adverse consequences of TV viewing. 
7.1.3 Study 3 
In this study, we found that TV viewing time was associated with adiposity in 
men which is consistent with our previous observation that TV viewing time 
was associated with BMI (198). We have shown that the association between 
longer TV viewing time and higher BMI was largely due to an increase in fat 
mass.  Furthermore, we have shown that this increase in adiposity affected 
both subcutaneous fat and visceral fat depots equally. Contrary to our initial 
hypothesis, TV viewing time did not show any association with reduced lean 
mass.  
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In addition, we showed that TV viewing time was independently associated 
with subclinical atherosclerosis in men after adjusting for other CVD risk 
factors. The finding in men was consistent with the finding from the Multi-
Ethnic Study of Atherosclerosis study, in which sedentary behavior was 
associated with CAC among participants free of diagnosed cardiovascular 
diseases (190). Similar finding was also observed in a study conducted in 
Japanese children, which found that TV viewing time was associated with 
carotid intima media thickness (IMT) which is also a marker of subclinical 
atherosclerosis (264). 
We found that longer TV viewing time was associated with increased VAT.  
In turn, VAT was associated with elevated CAC in men, in our study as well 
as in others studies (265).  However, this association between TV viewing 
time and VAT did not seem to explain the association between TV viewing 
time and subclinical atherosclerosis given that the latter association did not 
change much when adjusting for VAT. This association between TV viewing 
time and CAC that was independent of obesity was also seen in the Multi-
Ethnic Study of Atherosclerosis study, in which the association between 
sedentary time and CAC persisted even after adjusting for BMI (190). 
However, BMI is a rough estimate of body fatness and in this study we extend 
their findings by showing independence of directly measured body fat depots. 
Unfortunately, our study does not provide any mechanism by which TV 
viewing time may increase the risk of subclinical atherosclerosis and this 
would be an important subject of future studies.  
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In our study, we did not find any association of TV viewing time with 
subclinical atherosclerosis in women although the result from previous study 
found TV viewing time was associated with incident CVD in an analysis 
without stratifying by gender (91).  However in our study, the number of 
women with subclinical atherosclerosis was much smaller than the number in 
men and the study may have lacked the statistical power to detect an 
association in women. Alternatively, it may be that CAC is not as effective for 
detecting subclinical atherosclerosis in women as in men.  Previous data has 
shown that women, more than men, are likely to exhibit calcification in 
portions of the aorta that are not covered as part of the standard CAC (266).  
This misclassification in women would result in weakening the association 
between TV viewing time and subclinical atherosclerosis in women.  
In our study, we did not find significant associations between physical activity 
(irrespective of the level of intensity) and both SAT and VAT. Previously 
studies had shown that physical activity was inversely correlated with VAT 
and SAT (267, 268). This could be related to the fact that our participants had 
little engagement in vigorous physical activity.  In line with this hypothesis, 
Sasai et al previously reported that vigorous activity but not light and 
moderate physical activity was associated with VAT and SAT (267). In 
addition, our conflicting finding may be due to ethnic difference as Lesser et al 
reported that there was significant correlation between physical activity and 
SAT in Europeans but not in Chinese and South Asians (269). 
We also did not find any association of physical activity with subclinical 
atherosclerosis in either men or women even though vigorous and total 
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physical activities were correlated with higher LMI and lower %BF.  Our 
study had limited power to detect this association as the number of persons 
with subclinical atherosclerosis was small, especially in women.  Nonetheless, 
similar observations were made in the Prospective Army Coronary Calcium 
(PACC) study done in U.S which showed that physical activity was associated 
with favorable cardiovascular profile but not associated with calcified 
coronary atherosclerosis (270).  The authors suggested that the benefit of 
physical activity for reduction of CHD might be mediated through the 
stabilization of non-calcified plaques rather than calcified plaques (270). In 
addition, in the Multi-Ethnic Study of Atherosclerosis, physical activity was 
not associated with subclinical vascular disease in a cross-sectional analysis 
(271, 272).  Another possible alternative explanation for the lack of 
association of physical activity and CAC is the low participation in vigorous 
activity among study participants. Previous studies that assessed the 
association between physical activity and subclinical atherosclerosis reported 
that only vigorous activity was associated with a lower risk (273, 274). Our 
participants were aged 50 years and older and 70% of study population did not 
participate in any vigorous intensity activity. Even though the participants 
were engaged in light and moderate intensity activities, the beneficial effects 
of light and moderate intensity activities on CVDs have been less consistent 
(275, 276) . 
Our study has several strengths.  To our knowledge, this is the first study that 
specifically examined the association between TV viewing time and calcified 
subclinical atherosclerosis and the role of visceral fat in this association 
whereas previous studies only examined sedentary behavior as a whole.  We 
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have also previously shown that TV viewing may be different from other types 
of sedentary behavior.  We were also able to take account of a wide range of 
potential confounders and mediators including diet, physical activity, fat 
distribution and cardio-metabolic biomarkers.  
However, our study also has some limitations. Firstly, our study has modest 
power due to a limited number of cases. Secondly, TV viewing time and 
physical activity were self-reported. Hence there may be recall bias, 
measurement errors and misclassification since patients with CVD might have 
been advised to exercise more, which may affect their recall of physical 
activity. To minimize this, we excluded individuals with known CVD or 
diabetes, and those on lipid lowering medication.  Since all individuals were 
asymptomatic, we believe that error in measurement of TV viewing time and 
physical activity would be non-differential and would therefore bias the 
association towards the null hypothesis of no association. As such, we feel that 
this bias is not likely to alter the conclusions of our study.  Nonetheless, we 
accept that studies in which sedentary behavior is more objectively measured 
would increase the certainty of these conclusions.  Finally, although dietary 
intake was accounted in our study, we could not control sleep duration or 
quality. TV viewing time has been shown to be associated with short sleep, 
which was also independent risk factor for cardiovascular diseases (277).  
7.1.4 Study 4 
In this study, we observed that all type of sedentary behaviors were associated 
with unhealthy food intake. However, only TV viewing time and occupational 
sitting were associated with BMI and objectively measured sedentary time was 
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associated with higher blood pressure after adjusting for socio-demographic, 
physical activity, eating behaviors and psychological well-being (WHO-5 
well-being index and K10 stress score).  
In this study, we did not find correlation between TV viewing time and total 
sedentary time; either self-reported or objectively measured. This is in line 
with our finding in study 1. Thus television viewing does not appear to be a 
strong proxy for total sedentary time.  Among other types of sedentary 
behavior, occupational sitting time has the highest correlation with both self-
reported and objectively measured sedentary time. The correlations between 
self-reported and objectively measured sedentary time in our study were 
comparable to the correlations reported in several other studies. In a study 
conducted in Ireland, the correlation between self-reported total sitting time 
(GPAQ) and  objectively measured sedentary time was 0.19 (278) compared 
to 0.24 in our study. However, for domain-specific sedentary time, the 
correlations in our study were lower than those reported in other studies (100). 
The correlations between domain-specific sedentary time and reference 
method (the combination of ActiPAL and domain log or Actiheart) ranged 
from 0.21 to 0.84 amongst Flemish and English adults (279). The low 
correlation in our study may be due to lower variability in sedentary time in 
our population as all our participants were engaged in desk-bound job. 
Strengths of correlations are affected by the amount of variation in the 
variables examined and thus the correlation is lower in the population with 
low variation in sedentary time than the population with greater variation in 
sedentary time. In addition, it has been reported that ActiPAL is more precise 
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and sensitive to estimating sitting time than Actigraph accelerometer that we 
used (116).  
Longer television viewing time was associated with an increased intake of 
salty, sweet and local fried snacks.  This is consistent with previous studies 
which have been reported that longer TV was associated with unhealthy food 
intake (280).  However, it was noteworthy that in our study, all forms of 
sedentary behavior, whether self-reported or objectively measured, were 
associated with unhealthy eating behavior.  These associations were of similar 
magnitude to that observed with television viewing time. However, this does 
not inform us the quantity of unhealthy food taken for each type of sedentary 
behavior. Interestingly in our previously study, we also showed that food 
intake may be relevant to the association between TV viewing time and insulin 
resistance.  We also found an association between television viewing time and 
lower fibre intake that contributed to the association between television 
viewing and insulin resistance.  As such, changes in dietary intake could 
potentially be a mediator of the association between TV viewing time and 
obesity.   
However, we did not find that adjusting for eating behavior affected the 
association between TV viewing time and BMI.  In addition, the association 
between TV viewing time and BMI was still observed even among those who 
did not have meals, snacks and sweetened beverages during TV viewing time.  
This could suggest that unhealthy eating habits during TV time may not 
mediate the association between TV viewing time and BMI as we had 
previously hypothesized.  However, we cannot exclude the possibility that our 
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methods for estimating food behavior were imprecise, or that TV viewing may 
be associated with food consumption at other times that were incompletely 
captured in our study.  This would lead us to underestimate the contribution 
that eating behavior makes to the observed associations between TV viewing 
and obesity. 
In contrast to our estimates of eating behavior, physical activity was 
objectively (and, we believe, more precisely) measured in this study.  We 
found that, in our population, sedentary time displaces mostly light activity 
and to a lesser extent moderately intense activity. However, this was not 
observed in relation to television viewing time.  This suggests that physical 
activity is not a mediator or a confounder in the association between television 
viewing time and health outcomes.  Furthermore, when we adjusted for 
physical activity, it did not alter the association between television viewing 
time and BMI.  On the other hand, occupational sitting did show a negative 
association with physical activity, but adjustment for physical activity also did 
not attenuate the association between occupational sitting and BMI. However, 
times spent on these specific domains of sedentary behaviors were self-
reported and thus there can be recall bias. 
We also did not find any association between TV viewing time and 
psychological distress (as measured by the K10) or well-being (as measured 
by the WHO-5).  As such, it is unlikely that these act as mediators or 
confounders of the association between health and television viewing, at least 
in our study.  In the Health Survey for England, self-reported total sitting time, 
TV viewing time and non-TV leisure time sitting were associated with higher 
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risk of psychological distress measured by the 12-item General Health 
Questionnaire (281). In the Doetinchem Cohort Study in the Netherlands, TV 
viewing time but not occupational sitting and sitting during transportation was 
associated with poorer mental health measured by the Mental Health Inventory 
(282).  We are not able to explain the difference in our study compared to 
these other studies.  However, different findings may be due to different 
measurement tools for mental health.  
This should not detract from the importance of psychological stress/well-being 
in sedentary behavior research.  After all, self-reported total sitting time and 
occupational sitting time were associated with a lower WHO well-being score 
and longer occupational sitting time was also associated with higher K-10 
distress score. The association of total sitting time with well-being was 
consistent with previous studies (281, 282).  Therefore, psychological well-
being may still play an important role in the association between forms of 
sedentary behavior, other than television viewing, and health outcomes, as 
suggested by Mouchacca et al (209). 
We found that self-reported total sitting time, occupational sitting time and 
time spent sitting during transportation were correlated with poorer sleep 
quality. This is consistent with the finding from the study done in China, 
which found that sedentary time was associated with sleep quality measured 
by PSQI index (283). We are not aware of any previous study reporting the 
association of occupational sitting, time spent sitting during transportation 
with poorer sleep quality. 
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Our finding of the association between TV viewing time, occupational sitting 
time and BMI was in line with previous studies including our own (study 2). 
In a prospective study done in US, TV watching and sitting at work or away 
from home or driving but not sitting at home was associated with risk of 
obesity (99). We did not find any association with passive travelling. It may be 
that we separately examined occupational sitting and passive travelling unlike 
the aforementioned study that combined them together. In addition, variation 
in travel time may also be less in Singapore as distances are modest. 
Moreover, the association in previous study was not adjusted for other types of 
sedentary activities. In another cross-sectional study done in US, Dunton et al 
reported that all types of sedentary behaviors (watching TV and movies, 
computer use for leisure, playing games (board/video), sedentary 
transportation and total sedentary time) were associated with higher BMI and 
reading was associated with lower BMI (284). However, they did not account 
for the dietary intake and the effect of other types of sedentary in these 
associations (284).  
We did not detect significant associations between self-reported sedentary 
behaviors in all domains and SBP though SBP was found to be increasing with 
increased TV viewing time. This is similar to majority of previous studies in 
adults that did not find an association between self-reported sedentary and 
blood pressure (67, 285).  
We also observed that accelerometer measured sedentary time was 
significantly associated with higher systolic blood pressure. Several previous 
studies did not find an association between objectively measured sedentary 
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time and blood pressure (53, 69, 286). In contrast, in a Chilean study, both 
objectively and self-reported sedentary time were significantly associated with 
higher SBP and DBP. However, increasing trend was only observed between 
SBP and the quartile of objectively measured sedentary time (287). We did not 
observe an association between self-reporting sitting time and blood pressure. 
It may be that sitting time captured by GPAQ in our study may not be as 
accurate as IPAQ used in the afore-mentioned study (100). IPAQ recorded 
sitting time separately for weekday and weekend which may be more relevant 
for working populations.  
The strength of our study is that we were able to simultaneously assess the 
effect of accelerometer measured and self-reported domains  of sedentary 
behavior on CVD risk factors in the multi-ethnic Asian population while 
considering the role of dietary intake, eating habits during TV viewing time, 
well-being, stress and sleep duration in this association. Moreover, we could 
control objectively measured physical activity whilst the majority of previous 
studies only adjusted for self-reported physical activity which is prone to 
recall bias and overestimation.  
Our study does have some limitations. As this is a cross-sectional study, we 
could not establish the direction of cause and effect. It is possible to have 
reverse causation or bidirectional relationship between TV viewing time and 
BMI. The vector magnitude cut-point between sedentary and light activity was 
not validated yet and sedentary activity may be misclassified as light activity. 
However, using the different cut-points reported in previous studies did not 
alter the observed association. In fact, the cut-point 100 VM counts/min was 
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better correlated with CVD risk factors than other cut-points. In addition, 
accelerometer has limited ability to differentiate between sitting and standing. 
Hence, there may be measurement error in the exposure status which could 
attenuate the results. Our study population consisted of full-time mostly highly 
educated employees in an urban Asian setting. As a result, the average sitting 
time of our study population was higher than average sitting of general 
population in Singapore (5 hours/day) (43). Hence, the generalizability of 
finding to other population such as non-employed groups or those with jobs 
that require substantial occupational physical activity may be limited.   
7.2 Methodological consideration 
In the study 2, 3 and 4, we observed that only TV viewing time but not 
sedentary from other domains was associated with CVD risk factors. When 
interpreting the epidemiological findings, it is important to consider if these 
are affected by bias or confounding. 
7.2.1 Bias 
There are 2 major types of bias; selection bias and measurement bias. 
i. Selection bias 
Selection bias occurs when the characteristic of population participated in the 
study is differed from those who are eligible but do not participate in the 
study. 
The participants from Singapore prospective study (SP2) (study 2 and study 3) 
took part in the previous four cohort studies including 2 national health 
surveys, which were representative of the Singapore population (185). 
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However, only 75% of eligible participants from previous 4 studies took part 
in this study and only 66.6% of those who completed the questionnaire (or 
49.4% of all eligible participants) attended health examination. Hence, this 
study was not completely a representative sample of Singapore population. 
Although there was not significance different in age, TV viewing time, CVDs 
between the two groups (the group attended health examination and the group 
who didn’t), there were more male, more Chinese and fewer Malays, fewer 
participants with known hypertension or diabetes mellitus in the group 
attended health examination (185). However, this may not likely to effecting 
our observed associations as there was no significant difference in term of 
exposure (TV viewing time) and we have excluded all the participants with 
known CVDs or diabetes or hypertension in our studies. 
For study 4, the study population was also not a representative of Singapore 
working population.  Most of the agencies participated in this study were 
multinational companies or government agencies. Most participants were 
highly educated and had high income. Those who participated may likely to be 
more health conscious than those who didn’t participate given that this was 
physical activity intervention trial.  
However, the aims of our studies are to assess the relationship between 
exposure and outcomes and not to estimate the prevalence or incidence in the 
population. Hence, representativeness may not be a significant factor for our 
studies. It might limit the generalizability of our findings to the whole 
population. However, the findings from these studies are internally valid and 
could be extended to similar population. 
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For all studies we have excluded participants with known diseases or 
conditions which could affect their physical activity/sedentary behavior to 
avoid reverse causation. For instance, individual with known diseases may 
likely to limit their physical activity and become sedentary. Moreover, 
excluding those participants may also reduce reporting bias as individuals with 
known diseases may likely to over-report their physical activity and likely to 
under-report their sedentary behavior due to social desirability. Hence, these 
exclusions are more likely to reducing reverse causation and reporting bias. 
Furthermore, this exclusion occurred during the analysis stage and not at the 
recruitment stage of the study and thus it might have lesser impact internal 
validity. 
However, there may be other groups such as overweight, obese participants 
who may also over report their physical activity thus compromise internal 
validity.  
ii. Measurement bias 
Measurement bias occurs when there is error in the measurement or 
classification of exposure or outcome.  There are 2 main types of measurement 
bias; non-differential and differential.  
a. Non differential misclassification 
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Non-differential exposure misclassification 
Our questions capturing TV viewing time and other types of sedentary were 
not validated in study population. However, these questions were simple and 
straight forward and most commonly used in other large population studies. In 
study 2, TV viewing time was not specifically captured as the question was 
“Currently how many hours per day do you spend watching television or 
playing computer/handheld video games on the television screen?” However, 
since our participants were older (mean age of 47 years old), we assumed that 
most of this data were based on TV viewing time. In addition, in study 3, 
when we specifically assessed TV/video viewing time and in study 4, we 
further separately captured TV time and video time and the findings about the 
significant association between TV viewing time and CVD risk factors were 
consistent across the studies. Though we observed low correlation between 
self-reported sedentary time and objectively measured sedentary time in study 
4, it may be due to low variation of sedentary time in our study population as 
almost all our participants were engaged in a sedentary job. However, it may 
also be due to the inaccuracy of self-reported method.  
For physical activity, we have validated our questionnaire in the study 
population and reported that SP2PAQ has reasonable validity and reliability. 
However, the validity of SP2PAQ is low for moderate activity especially in 
Indian population. Hence, the measurement of moderate activity may not be 
precise and this may probably lead to null association between moderate 
intensity activity and risk factors.  
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All the afore-mentioned measurement errors are non-differential 
misclassification as the measurements of the outcomes were made without the 
knowledge of exposure status. This kind of bias usually leads the association 
towards the null. Hence, the observed association might even be 
underestimated. In addition, in study 4 when we used objectively measured 
sedentary and physical activity, which reduced measurement errors and the 
finding in study 4 was consistent with study 2 and study 3.  
Non-differential misclassification of outcome 
In study 3, for the outcome measurement, we used the cut-point 100 of CAC 
to define the subclinical atherosclerosis as above which was identified as 
moderate to high risk for CVD events. In Whitehall II epidemiological cohort, 
which found no association between sedentary time and CAC, used presence 
of CAC as an outcome (189). When we used the same definition i.e CAC as a 
continuous score, we also did not find any significant association between TV 
viewing time and CAC although the direction of the association was still the 
same. The Multi-Ethnic Study of Atherosclerosis used CAC >0 to define 
subclinical atherosclerosis and reported significant association between the 
significant association of walking pace but not total PA or moderate or 
vigorous PA with subclinical atherosclerosis (272). We have 200 participants 
with CAC>0 and when we used the same definition, we also did not find any 
association between TV viewing time or occupational sitting/ PA with 
subclinical atherosclerosis. It may be that the effect of TV viewing time on 
CAC was more pronounced in the higher risk group (CAC>100) than lower 
risk group (CAC <100). It can also be that the higher risk group may become 
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more sedentary due to their medical condition even though they are 
asymptomatic. Since our study was cross-sectional, we cannot ascertain the 
direction of the association. We did not find any association in women. It may 
be that CAC is not a good measure in women or the cutoff 100 is not sensitive 
enough to pick up the cases in women. 
Non differential outcome misclassification does not affect the association or 
may tend to bias the association towards the null. 
b. Differential misclassification 
It occurs when the errors in exposure and outcomes were related to each other 
and it can introduce bias on either side of direction. This kind of 
misclassification may not be likely to arise in our studies as the outcomes were 
objectively measured and these were done in accredited laboratories without 
the knowledge of exposure status.  
Though, we cannot rule out that there can still be differential classification as 
the participants with high BMI or early clinical symptoms or hypertension 
may report their activity differently from those who did not have these risk 
factors and thus this could bias the association in either direction. However, it 
is more likely that the individuals with these risk factors under –reported their 
sedentary time due to social desirability or influenced by physicians’ advice 
and thus it could only weaken the observed association 
7.2.2 Confounding  
We have controlled for a wide range of known confounding factors in our 
studies. As mentioned earlier, most studies in physical activity and sedentary 
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behavior research did not adjust light physical activity, or non-leisure time 
physical activity as well as sleep duration or quality and stress, which were 
potential confounders for the observed associations. In study 2 and 3, we 
accounted for dietary intake and physical activity from all intensity and 
domains. However, we couldn’t adjust for food intake during TV viewing 
time, sleep or stress which could confound the association. To fill this gap, we 
adjusted for all these variables in study 4 and the result was consistent, which 
was reassuring.  We acknowledge that there can still be residual confounding 
as the measurements of confounding factors may not be precise and non-
differential classification of a cofounder can cause the bias in either direction. 
7.3 Ongoing research 
Currently study 4 is in the follow-up phase at month-6. We plan to assess the 
effect of physical activity intervention on sedentary behavior from data at 
month-6. 
In addition, we would like to assess if change in sedentary behavior is 
associated with change in risk factors at month-6 and month-12. Studying the 
association prospectively by using objectively and repeatedly measured 
sedentary behavior would reduce residual confounding and thus would likely 
to improve the casual reference. 
7.4 Recommendation for future research 
 
7.4.1 Qualitative research 
Since the beneficial effect of physical activity is established, there is a wide 
range of qualitative and quantitative research and intervention studies about 
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physical activity. However, sedentary behavior research is quite new with 
most of the studies assessing the association of sedentary behavior and health 
risks whereas few studies have examined the determinants of sedentary 
behavior (288-290).These studies reported that old age, low educational level 
and obesity were correlated with the sedentary behavior (288-290). However, 
these studies were not able to provide insights on why these factors were 
correlated with sedentary behavior. In the systematic review of adult sedentary 
behavior, Rhodes et al highlighted the need for the research focused on 
cognitive, social, and environmental factors that could be of use in anti–
sedentary behavior interventions (291). Qualitative research is a method of 
choice to understand individual perspective (292). There is little qualitative 
research on sedentary behavior; some of these studies examined the perception 
of sedentary behavior/prolonged sitting (293-295) and 2 studies mainly 
explored the factors influencing sedentary behavior and the strategies to 
reduce it (296, 297). Though Gilson et al assessed the employees’ perceptions 
of health risks and intervention strategies, the study mainly focused on 
occupational sitting time (293). However, other types of sitting, especially 
leisure time sitting was also associated with adverse health (298). Moreover, 
there are very few qualitative studies exploring the acceptance of sedentary 
behavior intervention program (299, 300). In the systematic review of 
workplace sedentary behavior intervention program, none of the studies were 
able to reduce it significantly (301). However, the study that primarily targeted 
sedentary behavior successfully reduced sitting time in the workplace (302). 
Hence, there is a need for more qualitative research to understand the 
perception as well as facilitators and barriers for reducing sedentary behavior. 
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It was also one of the recommendations made in the ‘Novel Strategies for 
Sedentary Behavior Research’ session of the Sedentary Behavior: Identifying 
Research Priorities workshop (303).  
7.4.2 Comprehensive assessment of sedentary behavior 
Currently the majority of studies use questionnaire to capture sedentary 
behavior. Questionnaire is prone to recall bias and measurement errors, and 
thus it is important to assess sedentary time objectively. However objective 
measurement is not able to provide information in the context of sedentary 
behavior. Hence, it is recommended that studies use both methods, which 
could complement each other and provide better understanding of sedentary 
behavior and thus, identify priority areas for effective intervention. In 
addition, when capturing sedentary behavior, it is recommended to record the 
context such as “where” and “with whom” as well as the concurrent activities 
taking place during sitting time. 
7.4.3 Physiological pathway between TV viewing time and insulin 
resistance 
In study 2, we learnt from path analysis that in the relationship between TV 
time and HOMA-IR, 41.3% is direct, 52.0% accounted for by BMI, and 5.3% 
by lower fibre intake. 
The 5.3% of the relationship explained by lower fiber intake is of interest.  We 
can’t be sure that this is a direct effect of fibre. However, the independence of 
this pathway from BMI suggests that some qualitative aspect of dietary intake 
(as opposed to a quantitative effect in relation to total calorie intake) plays a 
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role in linking TV viewing and insulin resistance.  This warrants further 
study.  Identification of the specific nutrients involved not only provides us a 
means to mitigate the impact of TV viewing on insulin resistance, it may 
provide useful clues about the optimal diet to reduce insulin resistant and 
prevent type 2 diabetes mellitus. 
 The additional direct effect independent of BMI and fibre pathways is a great 
interest. Although we cannot rule out the possibility that this “direct” effect 
relates to the imprecision by which we measure adiposity (BMI is an 
approximate measure of adiposity) or diet (which is an even greater issue in 
terms of measurement error), it is also possible that there are additional 
physiologic mechanisms in this relationship and the identification of these 
mechanisms could, as with diet, provide additional clues as to means by which 
we could prevent type II diabetes. Hence, future studies exploring this 
pathway would be warranted. 
7.5 Final Summary 
Hence, answering the questions we raised in Chapter 1,  
1) In our studies, TV viewing time was independently associated with cardio-
metabolic risk factors such as increased adiposity including subcutaneous and 
visceral adiposity, insulin resistance and subclinical atherosclerosis. 
Occupational sitting time and objectively measured sedentary time were only 
associated with BMI and higher systolic blood pressure respectively. 
However, the effect of TV viewing time on BMI was still larger than that of 
occupational sitting time. Thus, it seems that TV viewing time is more 
detrimental on health than other types of sedentary behavior. 
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2) Giving the low correlation between TV viewing time and self-reported/ 
objectively measured sedentary time, it is unlikely that the harmful effect of 
TV viewing time was due to being sedentary but a composite of risk factors 
associated with TV viewing time. However, when we assessed the role of 
other behavioral risk factors such as physical activity, dietary intake, eating 
behavior during TV viewing time and sleep duration, we found that these 
factors did not significantly affect the association between TV viewing time 
and CVD risk factors. Some studies suggested that TV viewing time may be a 
mediator between low socio-economic status and CVD risk factors. However, 
adjusting these socio-demographic factors did not change the observed 
association in our studies. It may possibly be due to as yet undiscovered CVD 
risk factors associated with TV viewing time. 
3) We also found that TV viewing time has low correlation with physical 
activity and the effect of TV viewing time on health was independent of 
physical activity as adjusting physical activity from all domains and intensity 
did not have much effect. In addition, we also examined the pathway between 
TV viewing time and HOMA-IR and the effect of TV viewing time on 
HOMA-IR was not mediated through physical activity but largely through 
BMI and to some extent, there was direct effect which was not explained by 
the factors we examined. Hence, further research studies are needed to explore 
the potential mechanism in this pathway.  
However, our studies have some limitations. Times spent on different domain 
of sedentary, physical activity, dietary intake and sleep were self-reported. 
Even though, in study 4, we adjusted for objectively measured physical 
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activity, there can still be measurement errors given that accelerometer has 
some limitation as described in chapter 2. In addition, even though we 
controlled for the potential confounding effect of socio-economic status, these 
were the current socio-economic status and there can still be life-course effect. 
Hence, the measurements of the potential mediators/confounders we assessed 
may not be precise enough to detect the association. In addition, there is also a 
possibility of reverse causation despite our best efforts to reduce it since all of 
our studies were cross-sectional. Prospective studies with more comprehensive 
and precise measurement of variables examined are needed to confirm our 
finding. Since sedentary behavior research is a new area, we are still far from 
fully understanding its cause and effects.   Hence, further studies are needed to 
understand these better before making any public health recommendation.  
Public health message 
Since we are currently unable to establish what the TV viewing time actually 
represents, we are not able to make any public health recommendation yet. 
However, from the path analysis in study 2, we learnt that 52% of the 
relationship between TV time and insulin resistance is accounted for by BMI. 
Insulin resistance is a key pathophysiologic feature of type 2 diabetes mellitus 
and this relationship could mediate the link between TV viewing time and type 
2 diabetes mellitus. Hence, a significant proportion of the adverse impact of 
TV time, at least in relation to insulin resistance, can be altered by a change in 
energy balance (either reducing calorie intake or increasing physical activity). 
In this regard, we can inform the public that if they enjoy watching television, 
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Appendix A. Singapore Prospective Study 
Program Physical Activity questionnaire 
(SP2PAQ) 
 
The following questionnaire will be used to assess the amount of physical 
activity you do. All questions relate to the last 3 months. 
When we ask about the intensity of physical activity, the following 
categories will apply: 
 
1. Transportation 
1.1 Do you walk for at least 10 minutes continuously to get to and from 
places? 
 
 Yes     1 
 No     5  (Go to 1.5) 
 
1.2 How much time would you spend walking for travel on a typical day? 
 
 _______ Hours ________ minutes 
 
1.3 In a typical week, how many days do you walk for at least 10 
minutes to get to and from places? 
             ________ Days a week 
 
1.4 What is the intensity of walking? 
 Light (no change in breathing pattern)    1 
 Moderate (make you breathe somewhat harder than normal) 2 
 Vigorous (make you breathe much harder than normal)              3 
 




1.5 Do you use a bicycle (pedal cycle) for at least 10 minutes continuously 
to get to and from places? 
 Yes     1 
 No     5 (Go to 2) 
 
1.6 How much time would you spend bicycling for travel on a typical day? 
 ________ Hours __________ minutes 
 
1.7 In a typical week how many days do you bicycle for at least 10 
minutes to get to and from places? 
 __________ Days a Week 
 
1.8 What is the intensity of bicycling? 
 Light (no change in breathing pattern)    1 
 Moderate (make you breathe somewhat harder than normal  2 
 Vigorous (make you breathe much harder than normal  3 
 
2. Leisure Time Activity 
I would like you to think about the things that you do in your free time. 
2.1 On average, how many hours per day do you spend doing activities in 
your free time where you are sitting down? 
 Weekdays: ____________ hours (to the nearest half hour) 
 Weekends: ____________ hours (to the nearest half hour) 
2.2 How often do you use stairs when an elevator is available? 
 (please read out the options) 
 Often    1 
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 Not very often   2 
 Seldom   3 
 Never    4 
 
 
2.3 Which of the following do you do in your spare time (outside working 
hours)? 
 For each activity, if you do this at least once a week, then record the 
number of times per week that you do this activity. If you do this less 
than a week but at least once a month, record the number of times per 
month that you do this activity. Many of these activities will not be 
relevant to you. Only list those that you do at least once a month. If 
you do this less than once a month, then do not record it. 
 
When estimating the duration of the activities, do not include rest 
periods when you are active. 
 












Walking and Miscellaneous 
Walking for 
pleasure or exercise 
(e.g. walking with 
children or pets-do 
not include walking 
to get from one 
place to another) 
    
Bicycling for 
pleasure 
    
Dancing- ballroom, 
square, line and /or 
disco 
    
Dancing- aerobic, 
ballet 
    
Cross country 
hiking 
    
Back packing 
(walking with a 
back pack) 
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Mountain climbing     
Horseback riding     
Conditioning Exercise 
Home exercise (e.g. 
sit- ups, push-ups) 
    
Health club exercise 
classes (e.g. 
aerobics) 
    
Jog/ walk 
combinations 





    
Running     
Weight lifting     
Water Activities 
Water skiing     
Sailing for pleasure     
Sailing in 
competition 
    
Canoeing or rowing 
for pleasure 
    
Canoeing or rowing 
for competition 
    
Swimming (at least 
50 m in a pool) 
    
Swimming at the 
beach 
    
Scuba diving     
Snorkeling     
Sports Activities 
Bowling     
Volleyball     
Table tennis     
Tennis- singles     
Tennis- doubles     
Sepak Takraw     
Martial arts- TKD, 
karate, judo, silat, 
lion dance, aikido 
    
Softball     
Badminton     
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non game i.e. not 
keeping score 
    
Basketball/ netball- 
game play (keeping 
score) 
    
Basketball/ netball- 
refereeing 
    
Rugby or American 
football 
    
Soccer (football)     
Squash     
Paddle ball     
Racket ball     






   
 Walking: pulling 
clubs on cart 
   
 Walking and 
carrying clubs 
   
 
Fishing and hunting 
Fishing in stream 
with wading 
boots 




   




   
 Hunting larger 
game: deer, elk, 
bear, caribou 
   
     
Please list any other leisure time activities that you do regularly that have not 
been included in the list. 
Others     
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3. Occupational Physical Activity 
 
3.1 Have you had a job (for which you have been paid or earned money) 
for more than 1 month in the last 3 months. This does not include work 
(e.g. housework) that you do in your own time. These will be covered 
in another section of the questionnaire. (please circle the appropriate 
response) 
 
 Yes      1  
 No      5 (Go to 4) 
 
 I would like to you to think about the time that you spend at work over 
the last 3 months. For each job that you’ve held in the last 3 months, I 
would like you to think about the activities that you do for that job. If 
you have only held 1 job in the last 3 months, then only 1 row should 
be filled in. 
The total number of hours of activity (sitting, light, moderate, and 





































Number of hours spent per 
day in each categories below 







         
         
         




Intensity of activity Examples 
Light Standing still without heavy lifting 
 Light cleaning-ironing, cooking, washing, or dusting 
 Driving a car, bus, taxi, tractor 
 Jewelry making/ weaving 
 General office work 
 Occasional short distance walking 
  
Moderate Carrying light loads 
 Continuous walking 
 Heavy cleaning- mopping, sweeping, scrubbing, 
vacuuming 
 Gardening- planting or weeding 
 Painting/ plastering 
Heavy Carrying moderate to heavy loads 
 Heavy construction 
 Farming- hoeing, digging, mowing, raking 
 Digging, ditches/ shoveling 
 Tree-pole climbing 
 Chopping or sawing wood 
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4. Household Activity 
Now I would like you to think about the activities that you perform in 
order to look after your own home. Please list the amount of time that 
you spend on the following activities. 
Activity Hours per day Days per week 
Shopping (e.g. groceries, clothes): excluding the time 
to get there 
  
Stair climbing while carrying the load   
Laundry (time loading, unloading, hanging, or 
folding only) 
  
Light housework; tidying/ dusting, sweeping, 
collecting trash in the home, polishing, indoor 
gardening, ironing 
  
Heavy housework: vacuuming, mopping, scrubbing 
floors and walls, moving furniture, boxes and 
garbage cans. 
  
   
Food preparation: (10 +minutes in duration): 
chopping, stirring, moving about to get food items/ 
pans etc. 
  
Food service (10+ minutes duration): setting table, 
carrying, food, serving food. 
  
   
Dish washing (10+ minutes in duration): clearing 
table, washing/ drying dishes, putting dishes away. 
  
Light home repair: small appliances repair, light 
home maintenance/ repair. 
  
Heavy home repair: painting, carpentry, washing/ 
polishing car 
  
Others:   
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Activity Hours per day Days per week 
Yard work   
Gardening: planting, weeding, digging, or hoeing   
Lawn mowing (walking only)   
Clearing walks, driveways: sweeping, shoveling, 
raking 
  
   
Looking after elderly persons or children   
Older or disabled person (lifting, pushing wheelchair)   
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Appendix B. A questionnaire used in Study 4 to 
capture sedentary in different domains  
 
Label Question 
Sedent In a typical week, how many hours and/or minutes do you spend sitting 
down while doing the following activities? 
 
















Transportation - sitting during 
motorized transport to go to and from 



































Leisure time -        

















Watching DVD, video on any media 
device e.g. watching YouTube video 



















Other leisure time activities that 
involve sitting such as sitting and 
reading or listening to music, playing 
cards, electronic games, using 
computer for leisure such as internet 
surfing, chatting  
( please do NOT include the time you 
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Appendix C. Validity of the international physical 
activity questionnaire and the Singapore prospective 
study program physical activity questionnaire in a 
multiethnic urban Asian population  
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Appendix D. Television screen time, but not 
computer use and reading time, is associated with 
cardio-metabolic biomarkers in a multiethnic Asian 
population: a cross-sectional study 
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